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' (57) Abstract 

Tne present invention relates to transgenic non-human animals that a« : peered «c <j°™^^ 
In particular, animals in accordance with the invention possess human Ig loc, that include p u . I sa able ( , . 
Advantageously, the inclusion of plural variable regton genes enhances the *f*^ possess 
animal. Further, the inclusion of such regions enhances anu reconstitutes B-cen development .o the anim.t... 
abundant mature B-ce!ls secreting extremely high affinity antibodies. 
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Transgenic Mammals Having Human Ig Loci Includ ing PL u ra l 
V w a nd v. Regions and antibodies Produced Therefrom 
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FIELD OF THE INVENTION 

i ^ 

The present invention relates to transgenic non-human animals that are engineered to contain 
human immunoglobulin gene loci. In particular, animals in accordance with the invention possess 
human Ig loci that include plural variable (V.. and Vk) gene regions Advantageously, the inclusion 
of plural variable region genes enhances the specificity and diversity of human antibodies produced 
20 bv the animal. Further, the inclusion of such regions enhances and reconstitutes B-cell development 
to the animals, such that the animals possess abundant mature B-cells secreting extremely high affinity 
antibodies. 

BACKGROUND OF THE TECHNOLOGY 

25 

The ability to clone and reconstruct megabase-sized human loci in YACs and to introduce 
them into the mouse germline provides a powerful approach to elucidating the functional components 
of very larse or crudely mapped loci as well as generating useful models of human disease. 
Furthermore, the utilization of such technology for substitution of mouse loci with their human 
30 equivalents could provide unique insights into the expression and regulation of human gene products 
during development, their communication with other systems, and their involvement in disease 
induction and progression 
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— lxp. l.,^. a._ ^-,embi\ antibodies as wj,. 25 men r:;c ;r. :}-;e;; 

- — ; — - ^L^a.LL; ^ l.c pr^vice ar. iaea. source ror vrccuzzicn 0: ^:i!v 
nurr^n monoc;ona; anybodies I'Mabs.) - an irr.ponan: -—stcne :owarcs :u:nii:r:g :ne -rorr::se of 
antioocv rr.erapy :n numan disease Fuiiv human ar.*aboc:es are ex decree ;o mmirraze tne 
immunogenic and allergic responses :nrnnsic ro mouse or mouse-cienvatized Mabs and thus to 
increase :ne emcacv and szfezy of :ne acman:5:erec am;boc:es Tne use c f ruiiv numan antiboaies can 
be expected to provide a substantial advantage in the treatment c: zhror\:c and recurring human 
diseases, such as inflammation, autoimmunity, and cancer, which require repeated antibody 
administrations 

One approach towards this goal was :o engineer mouse trains deilcien: m mouse antibcdv 
production with iarge rfagments of the numan Ig loci m anticipation tnat such mice wouid produce 
a large repertoire of numan antiboaies m tne aosenee of mouse annnooies Large human Ig fragments 
wouid preserve tne iarge variable gene diversity as wen as tne proper regulation of antibody 
production ana expression By exploiting tne mouse machinery tor antioody diversification and 
selection and the lack of immunological toierance to numan proteins, tne reproduced human antibody 
repertoire m these mouse strains should vieic high affinity antibodies against anv antisen of interest, 
mciudmg numan antigens Using tne hybneoma technoiog\, amigen-soecmc numan Mabs with the 
desired specificity couid be readily produced and selected 

This general strategy was demonstrated m connection with our generation of the first 
XenoMouse™ strains as published m 1 9^4 Sec Green et al S'ature Genetics 7. 1 3-2 1 ( 1 ^4) The 
XenoMouse™ strains were engineered with 2^5 ko ana 1-0 kb-5i::ed germime connguration 
fragments of the human heavy chair, loci and kappa light cnam loci, respectively, which contained 
core variable and constant region sequences -a. The human ig containing yeast artificial 
chromosomes (YACs) proved to be compatible with tne mouse system for pom rearrangement arc 
expression of antibodies, and were capable of substituting for tne inactivated mouse Ie eenes This 
was demonstrated bv tneir ability to mcuce 3-cei: deveierm^' ^no n r v""° ^nMir-iik^ h^rnnn 
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repertoire of fuilv human antibodies and to generate antigen-specific human Mabs These results also 
susgested that introduction of larger portions of the human Ig loci containing greater numbers of V 
genes, additional regulatory elements, am. uman Ig constant regions might recapitulate substantially 
the full repertoire that is characteristic of the human humoral response to infection and immunization. 

Such approach is further discussed and delineated m U S Patent Application Serial N'os. 
07/466 008, filed January 12, 1990, 07/610,515, filed November 8, 1990, 07/919,297, filed July 24, 
1992. 07/922.649. filed July 30, 1992, filed 08/031,801, filed March 15,1993, 08/112,848, filed 
August 27. 1993 08/234, 145, filed Apnl 28, 1994, 08/376,279. filed January 20, 1995,08/430,938, 
April 27, 1995, 08/464,584, filed June 5, 1995,08/464,582. filed June 5, 1995, 08/463. 191, filed June 
5, 1995, 08/462.837, filed June 5, 1995, 08/486,853, filed June 5, 1995, 08/486,857, filed June 5, 
1995, 08/486,859, filed June 5, 1995, 08/462,513, filed June 5, 1995, and 08/724,752, filed October 
2, 1996 See also European Patent No., EP 0 463 151 BI. gram published June 12. 1996, 
International Patent Application No.. WO 94/02602, published February 3, 1994, International Patent 
Application No . WO 96/34096, published October 31, 1996, and PCT Application No. 
PCT/US96/0592S, filed April 29. 1996 The disclosures of each of the above-cited patents and 
applications are hereby incorporated bv reference in their entirety 

In an alternative approach, others, including GenPharm International, Inc., have utilized a 
"minilocus" approach. In the mmilocus approach, an exogenous Ig locus is mimicked through the 
inclusion of pieces ( individual genes) from the Ig locus Thus, one or more Y H genes, one or more 
D H genes, one or more J K genes, a mu constant region, and a second constant region (preferably a 
gamma constant region) are formed into a construct for insertion into an arumal This approach is 
described in U.S. Patent No. 5,545,307 to Surani et al. and U.S. Patent Nos. 5,545,806 and 
5,625,825, both to Lonberg and Kay, and GenPharm International U.S. Patent Application Serial 
Nos. 07/574,748. filed August 29. 1990, 07/575.962. filed August 31. 1990, 07/810.279, filed 
December 17, 1991, 07/853 408, filed March 18, 1992. 07/904,063, filed June 23, 1992, 07/990.860, 
filed December 16. 1992, 08/053,131, filed Apnl 26, 1993, 08/096,762. filed July 22, 1993, 
08/155,301, filed November 18, 1993, 08/161,739, filed December 3, 1993, 08/165,699, filed 
December 10. 1993, 08/209,74!, filed March 9, ' oc M. the disclosures of which are hereby 
incorporated bv reference. See also international Pater.: Application Nos. WO 94/25535, published 
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i IVJ \ V_ 4 ^4, , . _ , i ^ ill. V. ! V— - 4, i U Y J \_ i i_ 4. U4 ' . ^ 7 . 1 VJU^l.vJl. 1_4 . , 1 , . _ / . L H, 

5 disclosures of wmcn are hereby incorporated bv reference :n :he:r entirety 

The inventors of Suram e: ai ., cited aoove. and assigned to the Medicai Research Counsel ('the 
"MRC"), produced a transgenic mouse possessing an Ig iocus through use of the mmiiocus approach. 
The inventors on the GenPharm international work, cited above. Lonoerg and Kav. following the iead 
of the present inventors, proposed macuvation of the endogenous mouse Ig iocus coupled with 
10 substantial duplication of the Surani et al work. 

An advantage of the mimiocus approach is the rapiditv with which constructs including 
portions of tne Ig iocus can be generated and introduced into animals Commensuratelv, however, 
a significant disadvantage of the rnirulocus aporoach is that, m theory', insufficient diversity is 
introduced through the inclusion of small numbers of V, D. and J genes Indeed, tne published work 
: 5 appears to support thus concern B-ce!l development and antibody production of animals produced 
through use of tne mimiocus approach appear stunted Therefore, the present inventors have 
consistently urged introduction of large portions of the Ig iocus in order to achieve greater diversity 
and in an effort to reconstitute the immune repertoire of tne animals 

i 

Accordingly, it would be desirable to provide transgenic animals containing more complete 
20 germlme sequences and configuration of the human Ig iocus It would be additionally desirable t 
provide such locus aeainst a knockout background of endoeenous Ie 



o 



Summary of the Invention 

Provided in accordance with the present invention are transgenic animals having a near 
complete human Ig locus, including both a human heavy chain locus and a human kappa light chain 
iocus. Preferably, the heavy chain locus includes greater than about 20%. more preferably greater 
than about 40%. more preferably greater than about 50%, and even more preferably greater than 
about 60% of the human heavy chain variable region in connection with the human kappa light 
chain, preferably, the locus includes neater than about 20%, more preferably ereater than about 40%, 
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more preferabiv greater man about 50°-o. ana even more preferably greater than about 6C% of the 
human kappa light chain variable region Such percentages preferably refer to percentages of 
functional variable region genes 

Further, preferably such animals include the entire D H region, the entire J H region, the human 
mu constant region, and can additionally be equipped with genes encoding other human constant 
regions for the generation of additional isotypes. Such isotypes can include genes encoding y,, y : , 
v, g € 0 and other constant region encoding genes. Alternative constant regions can be included 
on the same transgene, i.e., downstream from the human mu constant region, or, alternatively, such 
other constant regions can be included on another chromosome. It will be appreciated that where 
such other constant regions are included on the same chromosome as the chromosome including the 
human mu constant region encoding transgene, cis-switching to the other isotype or isotypes can be 
accomplished. On the other hand, where such other constant region is included on a different 
chromosome from the chromosome containing the mu constant region encoding transgene, trans- 
switching to the other isotype or isotypes can be accomplished Such arrangement allows tremendous 
flexibility in the design and construction of mice for the generation of antibodies to a wide array of 
antigens. 

Preferably, such mice additionally do not produce functional endogenous immunoglobulins. 
This is accomplished in a preferred embodiment through the inactivation (or knocking out) of 
endogenous heavy and light chain loci. For example, in a preferred embodiment, the mouse heavy 
chain J-region and mouse kappa light chain j-region and C c -reuion are inactivated through utilization 
of homologous recombination vectors that replace or delete the region Such techniques are 
described in detail in our earlier applications and publications. 

i 

Unexpectedly, transgenic mice in accordance with the invention appear to possess an almost 
entirely reconstituted immune system repertoire This is dramatically demonstrated when four 
separate mouse strains are compared a first strain contains extensive human heavy chain variable 
regions and human kappa light chain variable regions and encodes only a mu isotype, a second strain 
contains extensive human heavy chain variable regions and human kappa light chain variable regions 
and encodes a mu and gamma-2 isotypes. a third strain contains significantly less human heavy and 
kaoua iiLiht chain variable regions, and a fourth strain contains a double-inactivated mouse Ig locus 
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amioocies is supstamianv eievatec :r mice having a .-moc.-t-o u: background or eruogenou 
is re say ma; mice mat contain a human ig :ocus ana a fmcticnaiiv inactivated endogenous m 
produce human antibodies a: a ra:e of approx;m ateiv : 00 :c iOOC fold as efficiently as -ice mat 
contain oniv a human la locus 

Thus. on accordance with a first aspect of the present invention mere is provided a transgenic 
non-human mammal having a genome, tne genome comprising modifications, the modifications 
comprising- an inactivated endogenous immunoglobulin fig) locus, such that the mammal would not 
display normai B-celi development an inserted human heaw chain Ig locus ;n substantially eermnne 
configuration, the human heavy chain Ig locus comprising a Human mu constant region and reeuiatorv 
and switch sequences thereto, a plurality of human J !; genes, a piuraiitv of human D H genes, and a 
Plurality of human \ H genes, and an inserted human Kappa light chain Ig iocus in substantially 
germime configuration, the human kappa light chain Ig locus comprising a human kappa constant 
region, a piuraiiry of ]k genes, and a piuraiitv of Yk genes, wnerem the number of \ H and Vk genes 
inserted are selected to substantial rest: re norma] B-cell development :n the mammal In a preferred 
embodiment, tne heavy chain Ig locus comprises a second constant region selected from the group 
consisting of human gamma- 1, human gamma-2. human gamma- 3. human gamma--, alpha, delta, and 
epsiion. in another preferred embodiment, the number of Y„ genes is greater than about 20 In 
another preferred embodiment, the number of Yk genes :s greater than about 15 In another 
preferred embodiment, tne number of D„ genes is greater than about 25. the number of J H genes is 
greater than about the number of V , genes is greater than about 20, the number of Ik genes is 
greater than about 4. and the number of genes is greater than about if In another preferred 
embodiment, the number of D ;! genes, the number of J,, genes, the number of W, genes, the number 
of Jk genes, and the number of \Y genes are seiectea such that the Ig ioc; are capable of encoding 
greater than about 1 x 10' different functional antibodv sequence combinations In a preferred 
embodiment, in a population of mammals B-cell function :s reconstituted on averaee to greater than 

,1bOM f ^0^-. X ."p^no-on * \V'H tv^"^ 
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In accoraance with a second aspea of the present invention there is provided an improved 
transgenic non-human mammai having a genome thr.: compnses modifications, the modifications 
rendering the mammal capable of producing human immunoglobulin molecules but substantially 
incapable of producing functional endogenous immunoglobulin molecules, the improvement 
compnsinc: insertion into the genome of the mammai of sufficient human V H , D H , J H , Vk, ana Jk 
eenes such that the mammai is capable encoding greater than about 1 x 1 0 6 different functional human 
immunoglobulin sequence combinations. 

In accordance with a third aspect of the present invention, there is provided an improved 
transgenic non-human mammal having a genome that compnses modifications, the modifications 
rendering the mammal capable of producing human immunoglobulin molecules but substantially 
incapable of producing functional endogenous immunoglobulin molecules, which modifications, with 
respect to the mammal 1 s incapacity to produce functional endogenous immunoglobulin molecules 
would not allow the mammal to display normal B-cell development, the improvement comprising: 
insertion into the genome of the mammai of sufficient human V H , D H , J H) Vk, and Jk genes such that 
the mammal is capable of encoding greater than about 1 x 10 6 different functional human 
immunoglobulin sequence combinations and sufficient V H and Vk genes to substantially restore 
normal B-cell development in the mammal. In a preferred embodiment, in a population of mammals 
B-cell function is reconstituted on average to greater than about 50% as compared to wild type. 

In accordance with a fourth aspect of the present invention, there :s provided a transgenic 
non-human mammal having a genome, the genome comprising modifications, the modifications 
comprising: an inactivated endogenous heavy chain immunoglobulin (Ig) locus, an inactivated 
endogenous kappa lieht chain Is locus, an inserted human heaw chain Is locus, the human heavy 
chain la locus comprising a nucleotide secuence substantially corresponding to the nucleotide 
sequence of yH2, and an inserted human kappa light chain Ig locus, the human kappa light chain Ig 
iocus comprising a nucleotide sequence substantially corresponding to the nucleotide sequence ot 
vK2. 

In accordance with a fifth aspect of the present invention there is provided a transgenic non- 
human mammal having a genome, the genome comprising mocnncations. tne moaincations 
comprising: an inactivated endogenous heaw chain immunotzlubuhn \V±\ iocus. an inserted human 
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In accordance with a s;vm aspect cf the present invention, mere :s provided a transgenic non- 
human mamma: having a genome, me genome comprising modifications, me modifications 
comprising an inactivated endogenous heavy cnain immunogiuouim dgj iocus, an inactivated 
endogenous kappa light chain Ig locus, an inserted human heaw chain Ie locus, the human heaw 
chain Ig locus comprising a nucleotide sequence substantially corresponding to the nucleotide 
sequence of yH2 without the presence cf a human gamma-2 constant region, and an inserted human 
kappa light chain Ig iocus, the human Kappa light chain Ig locus comprising a nucleotide sequence 
substantially corresponding to the nucleotide secuence of yK2 

I n accordance with a seventh aspect of the present invention, there is provided 
transgenic non-human mammal having a genome, the genome comprising modifications, the 
modulations comprising an inactivated endogenous heaw chain imrnunogiubuiin (la) iccus, an 
inserted human heavy chain ig .ocus, the human heavy chain Ig iocus comprising a nucleotide 
sequence substantially corresponding to the nucleotide sequence of vH2 without the presence of a 
human gamma-2 constant region, and an inserted human kappa light chain Ig locus, the human kappa 
light chain Ig locus comprising a nucleotide sequence substantially corresponding to the nucleotide 
sequence of yK2 

In accordance with an eighth aspect of the present invention, there is provided a method for 
tne production of human antibodies, comprising inoculating any of the mammals of the first through 
fifth aspects ot the invention discussed above with an antigen, collecting and immortalizing 
lymphocytic cells to obtain an immortal cell population secreting human antibodies that specifically 
bind to the antigen with an affinity cf greater than 10 9 M\ and isolating the antibodies from the 
immortal ceii populations 

in a preferred embodiment, the antigen is LL-S In another preferred embodiment, the antigen 
is EGFrl. In another preferred embodiment, the antigen is TNT-a 

In zzzo:cz~cz with a ninth aspect of the present invention, there :s provided an antibodv 
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produced by the method of the sixtn aspea of the invention, inciuding antibodies to IL-S. EuFR. and 
TNT- a. 

In accordance with a tenth aspect of the present invention, there is provided an improved 
method for the production of transgenic mice, the transgenic mice having a genome, the genome 
comprising modifications, the modifications comprising insertion of a plurality of human variable 
regions, the improvement comprising: insertion of the human variable regions from a yeast artificial 
chromosome. 

In accordance with an eleventh aspea of the present invention, there are provided transgenic 
mice and transgenic offspring therefrom produced through use of the improvement of the eighth 

aspect of the present invention 

In accordance with a twelfth aspect of the present invention, there is provided a transgenic 
mammal, the transgenic mammal comprising a genome, the genome comprising modifications, the 
modifications comprising an inserted human heavy chain immunoglobulin transgene, the improvement 
comprising: the transgene comprising selected sets of human variable region genes that enable 
human-like junctional diversity and human-like complementarity determining region 3 (CDR3 ) 
lengths. In a preferred embodiment, the human-like junctional diversity comprises average N-addition 
lengths of 7.7 bases. In another preferred embodiment, the human-like CDH3 lengths comprise 
between about 2 through about 25 residues with an average of about 14 residues 

Brief Description of the Drawing Figures 

Figure 1 is a schematic representation of the reconstructed human heavy chain and human 
kappa light chain ioci YACs introduced into preferred mice in accordance with the invention YACs 
spanning the human heavy chain (1H, 2H, 3H, and 4H) and the human kappa light chain proximal 
(IK. 2K, and 3K) loci were cloned from human -YAC libraries The locations of the different YACs 
with respect to the human Ig loci (adopted from Cook and Tomlinson. 1995. and Cox et a!.. 1994), 
their sizes, and non-ig sequences are indicated (not shown to scale) The YACs were recombined 
into yeast in a two-step procedure (see Materials and Methods ) to reconstruct the human heavy and 
kappa light chain YACs yH2, the human heavy chain containing YAC, was runner retrofitted with 
a human v, uene seauence vK2. was the human kappa light chain containing YAC The YAC vector 
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we naw found :o be utilized by the XenoMouse II are marked ; * ;■ The Y. ; izer.e reg::n contained 
cn yH2 is marked by arrows 

Figure 2 is a senes of Southern Blot analyses and characterizations of the human, heaw chain 
YAC, vH2, integrated in HS ceils and in XenoMouse strains Figure 2a is a ser.es of Southern Blot 
analyses of EcoRJ ia. c) anc BarnKI (b, d. e) digested DNA (2ug) preparer: from the CGM1 
immonai:zed B-iymphoblas; ceil ime derived from the Washington University YAC Horary source 
(Brownstein et ai ., 1989). yH2 YAC (0 5 ug YAC added to 2 ug of 3B I DNA), unmodified 
E14TG3B1 GBI), and yH2-conramng ES ceil lines L10. J9 2. LIS. LIT. and J!" The probes usee 
for blotting were human V,,: (a), D H (b) [IS kb fragment in CGM1 lane represents D segments on 
chromosome 16], V„3 (O, Cu id) and J H te) Figure 2b is a senes of Southern Blot analyses of 
EcoRJ fa-b) and BamHI ic-d) digested DNA HO ug) that was prepared from the tails of wiidtvpe 
fWT, :29xB5 7 BL/6JV XM2A-1. and XM2A-2 '2 individual orTsonng) mice or from the parental 
vH2-contaming ES cell lines L10 (slightly undeidcaded re.anve :o other samples), 19 2, and 
yK2-containmg ES ceil line J22 1 The probes used were human Y H 1 (a), V ;! 4 (b), human y-2 (c), 
and mouse 3'-enhancer (d, the 5 kb band represents the endogenous mouse 3'-ennancer fragment) 
Fragment sizes of molecular weight markers (m kb) are indicated 

Figure 3 is a series of Soutnem. Blot anai\ses characterizing the human :<acoa light chain 
YAC, yfv2, integrated in ES celis and in XenoMouse 2A Strains Figure 2a is a series of Southern 
Blot anaiyr.es of EcoRI fa. c, d) and BamHI (b, e ) digested DNA (2 ug) prepared from CGM1 cell 
line (Brownstein et al . 1989 supra), vK2 YAC :0 5 ug YAC DNA added to 2 ug of 3B1 DNA), 
unmodinec E14TG 3B 1 (331), and yK2-c retaining ES ceil imes J23 1 and J23 " The probes used 
were human Ya ta). Kde fb), \\U (c ). (d), and C\ Figure 2b is a senes of Soutnem Blot 
analyses of EcoRI-digested DN'A (2 ug) that was prepared from the tails of wiidtvpe ( WT, I29xB6). 
XY12A-1, and XX12A-2 (2 individual offspring) mice or from the parental vH2-ccntaming ES ceil 
lines LiO f jiightiy underlc^aded relative to ctner samples). J9 2, and vK2-contammg ES ceil line J23 1 
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The probes that were used were human \\l (a,- \' C IV (b), V r VI (c) and 3'-enhancer id) Fragment 
sizes of molecular weight markers nn kb) are indicated 

Figure 4 shows B-cell reconsiitunon and surface expression of human u, 6, and k chains on 
XenoMouse-denved B-ceils and shows flow cytometry analysis of peripheral blood (Tig. 4a) and 
spleen (Fie. 4b) lymphocytes from wiidtype mice (WT), double inactivated mice (DI), and 
XenoMouse strains 2A-1 and 2A-2 (XM2A-1. XM2A-2) Four-color flow cytometry analysis was 
cameo out using antibodies to the B-cell-specmc marker B220 in combination with anti-human u, 
6, k, or mouse u, 6, k. or a The percentage of positively-stained cells is shown in each quadrant. 
Isolation and staining of cells were performed as described in Matenais and Methods. Populations 
of human k and mouse a cells were determined after first gating for B220'u* populations in the 
indicated region Populations of u" and 6' cells were determined after first gating for B220* cells. 
The percentage of positive ceils within a region or quadrant is indicated. The FACS pronies shown 
are representative of several experiments performed on each of the strains 

Figure 5 shows that XenoMouse-der.ved human antibodies block the binding of their specific 
15 antigens to cells. Figure 5a shows the inhibition of labeled [I 125 ] IL-8 binding to human neutrophils 
by the mouse anti-human (L-8 antibody (R&D Systems) (□) and the fully human Mabs Dl.l (♦), 
K2.2 (•), K4.2 (A.), and K4.3 (T). The background binding of labeled [I 12S ]EL-8 in the absence of 
antibody was 2657 cpm Figure 5b snows the inhibition of labeled [I i:s ]EGF to its receptors on A43 1 
cells bv mouse anti-human EGFR antibodies 225 and 528 (□, v, respectively, Caibiochem) and the 
fully human antibodies El !(•), E2.4 (A), E2.5 (T) and E2. 1 1 (♦) The background binding of 
[I'"]EGF in the aosence of antibodies was 1060 cpm Figure 5c shows inhibition of labeled [I 1 - 5 ] 
TNF-a binding to its receotors on U937 cells bv the mouse anti-human TNF-o antibody (R&D 
Systems) (□) and fully human Mabs T22.1 (♦), T22.4 (•), T22.8 (A), and T22.9 (■). The 
background binding of [I !2; ]TNF-a in the absence of antibody was 4010 cpm. Control human IgG, 
myeloma antibody (2). 

Figure 6 shows repertoire and somatic hypermutation in XenoMouse-denved fully human 
Mabs. Predicted amino acid sequences of four anti-IL-8 (Fig. 6a) and four anti-EGFR (Fig. 6b) 
human IuG-k Mabs. divided into CDR1. CDR2 and CPR3 and the constant regions. C.,2 and C r . The 
D and J awes of each antibodv are indicated The ammo acid substitutions from the germane 
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Figure 8 ;s another senega::: aiaoram sr.owmg the construction of :re vK2 neaw 
chair. ! VAC 

Figure 9 is anotner schematic diagram showing the construction of the vKdl (human l<apra 
light chain) VAC 

Figure 10 is another schematic diagram rhouing the construction of the vK2 (human kappa 
light chain) YAC 

Figure 1 1 shows a series of Southern Blot analyses demonstrating integration intact of the 
vH2 [human heavy chain) YAC into ES cells and into the mouse genome Detailed discussion is 
provided ;n connection with Fieure 2 

Figure 12 shows a senes of Southern Blot analyses demonstrating integration intact of the 
\K2 (human kappa light chain") YAC into ES ceils and into the mouse genome Detailed discussion 
is provided in connection with Fieure 3 

Figure 13 shows B-cell reconst:rut;on and surface expression of human u, 6, and k chains anc 
mouse a chains on XenoMouse-derived B-ce!!s and shows row cytometry analysis of peripheral 
blood Further details are provided in connection with Fieure 4 

Figure 14 shows production levels of human antibodies bv XenoMouse II strains m 
comparison to murine antibody production ov wild tvpe mice. 

Figure 15 is a repertoire analysis of human heavy chain transcripts expressed in XenoMouse 
II strains 

Figure 16 is a repenoire analysis of human kappa light chain transcripts expressed in 
XenoMouse II strains 

Figure IT is another cepiotion of the diverse utilization o r human V,, and Yk genes that have 

been observed as utilized in XenoMouse II strains 

Figure 18 shows the titers of human antibody production in XenoMouse II strains 
Figure 19 is a depiction of gene utilization of ant:-IL-S antibodies denved from XenoMouse 

II strains 
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Figure 20 snows heavy chain amino acid sequences of anti-IL-S antibodies denved from 
XenoMouse II strains 

Figure 21 shows kappa light char, amino acid sequences or ar.ti-IL-S antibodies denved from 
XenoMouse II strains 

5 Figure 22 shows blockage of IL-8 binding to human neutrophils by human anti-IL-8 

antibodies denved from XenoMouse II strains 

Figure 23 shows inhibition of CD I lb expression on human neutrophils by human anti-IL-8 

antibodies denved from XenoMouse II strains. 

Figure 24 shows inhibition of IL-8 induced calcium influx by human anti-IL-8 antibodies 

in d^ny^H from XenoMouse II strains 

Figure 25 shows inhibition of IL-8 RB/293 chemotaxsis by human anti-IL-8 antibodies 

denved from XenoMouse II strains. 

Figure 26 is a schematic diaaram of a rabbit model of human LL-8 induced skin inflammation. 
Figure 27 shows the inhibition of human IL-8 induced skin inflammation in the rabbit model 
15 of Fieure 26 with human anti-IL-8 antibodies denved from XenoMouse II strains 

Figure 28 shows inhibition of ansiosenesis of endothelial cells on a rat corneal pocket model 
by human anti-IL-8 antibodies denved from XenoMouse II strains. 

Figure 29 is a demotion of cene utilization cf human anti-EGFR antibodies denved from 

XenoMouse II strains 

20 Fi<mre 30 shows heaw chain ammo acid sequences of human anti-EGFR antibodies denved 

from XenoMouse II strains 

Figure 31 shows bloc:<age EGF binding to A43 i ceils by human anti-EGFR antibodies 

denved from XenoMouse II strains 

Figure 32 shows inhibition of EGF binding to 5W94S cells by human anti-EGFR antibodies 

25 denved from XenoMouse II strains 

Figure 33 shows that human anti-EGFR antibodies derived from XenoMouse II strains inhibit 

growth of SW94S ceils in vitro 

Figure 34 shows inhibition of TvF-a binding ic U-37 celis through use of human anti-TNT-c: 

antibodies derived from XenoMouse II strains 
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Figure 35 snows r:arpa door cr.zm ammo ac:a ^ecuerses of human an::-EGFR antibodies 
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Detailed Description oftmt Pref e rred Embodiments 
Herein we cescnbe the generation and e:;aractenzat;on of several strains of mxe containing 
substantially germiine configuration megabase-sized human Ig loc: The present invention thus 
provides the first demonstration of reconstruction of the large and complex human Ig ice: on YACs 
and the successful introduction of megabase-sized YACs into mice to functionally replace the 
corresponding mouse loci 

Mouse Strains 

The following mouse strains are described and or utilized herein 

Double Inactivated (DI) Strain : The DI strain of mice are mice that do not produce 
functional endogenous, mouse. Ig In preferred embodiments, the DI mice possess an inactivated 
mouse Ju region and an inactivated mouse Ck ^eeion The construction of this strain is discussed 
extensively eisewnere For example, the tecrmicues utilized for generation of the DI strains are 
described in detail :n US Patent Application Serial Nos C~ '466,003, filed Januarv 12, 1990, 
07/610.515, filed November 3. ;°90. 07/919.29"*. riled July 24. 1992. 05/031,301. nied March 15, 
1993. 08/1 12.843. fled August 27. 1993. 03/234.145. riled April 2S.. 1994. 03/724T52, filed October 
2, 1996 Sec also European Patent No, EP 0 465 151 Bl, grant published June 12, 1996, 
International Patent Application No , WO 94/02602. published February 3, 1994. International Patent 
Application No . WO 96/34096. published October 5 1. 1996. and PCT Application No 
PCT/US96/0592S. tiled April 2°. 1996 The disclosures of eacn of the above-cited patent and patent 
applications axe hereby incorporated by reference in their entirety It has been observed and reported 
that DI mice possess a very immature B-ceii development The mice do not produce mature B-cells. 
only pro-B-ceils 
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XenoMouse I Strain : The design, construction, and analysis of :he XenoMouse I strain was 
discussed in detail in Green et aJ , Nature Genetics, ',' 13-21 f 1994 ) Such mice pre .uced IeMk 
antibodies against a DI background The mice showed improved B-cell function when compared to 
the DI strain of mice which have little to no B-cell development While XenoMouse I strains of mice 
were capable of mounting a sizeable immune response to antigenic challenge, there appeared to be 
inefficient in their production of B-ceils and possessed a iimited response to different antigens which 
apparently was related to their limited V-gene repertoire 

L6 Strain : The L6 strain is a mouse producing IgMK antibodies against a DI background 
of pnrWenous mouse I2. L6 mice contain an inserted human heaw chain and an inserted human 
kappa liaht chain. Tne L6 strain is generated through breeding of a mouse containing a heaw chain 
insert against a double inactivated background (L6H) and a mouse having a kappa light chain insert 
asainst a double inactivated background (L6L) The heaw chain insert comprises an intact 
approximately 970 kb human DNA insert from a YAC containing approximately 66 V H segments, 
starting at Y.,6-1 and ending at V H 3-65, and including the major D gene clusters (approximately 32), 
J eenes Co), the intronic enhancer (Em), Cu, and through about 25 kb past Co, in germline 
configuration The light chain insert comprises an intact approximately 800 kb human DNA insert 
from a YAC which contains approximately 32 \\. genes starting at V K . B3 and ending at \\_opn The 
800 kb insert contains a deletion of approximately 100 kb starting at V K . Lp _ l3 and ending at V K . Lp _ 5 . 
However, the DNA is in germline configuration from V r . LH3 to 100 kb past VV^, and also contains 
the J Genes, the intronic and 3' enhancers, the constant C r gene, and Kde. The L6H and L6L mice 

x ***** 

have been shown to access the full spectrum of the variable genes incorporated into their genome. 
It is expected that the L6 mice will similarly access the full spectrum of variable genes in their 
cenome. Furthermore, L6 mice will exhibit predominant expression of human kappa light chain, a 
iaree population of mature B-cells. and normal levels of IgM r human antibodies. Such mice will 
mount a vieorous human antibody response to multiple immunogens, ultimately yielding 
antigen-specific fully human Mabs with subnanomoiar affinities 

XenoMouse Ua Strain: The XenoMouse Ha mice represent our second generation 
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- Dl background, sucn :r. the mace 3.: not rr;:auce runcticna. endogenous ig Essentially, tne mice 

are equivalent :r. construction to the Lp strain, rut additional// include tine human. y2 eene with its 
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approximately IC20 Kb heavy and an approximately SCO kb kappa iigh; cham ice:, reconstructed cn 
YACs. which include the majority of the human vanable reg:or. genes. including heaw cham senes 
t approximately 06 Y H ) and kappa light chain genes (approximately 32 \\), human heaw constant 
region genes (lu 6, and y ) and kappa constant region genes (CJ, and all of the maior identified 
regulatory elements These mice have been shown to access the hall spectrum of the vanable cenes 
incorporated into their genome Furthermore, they exhibit efficient class switching and somatic 
hypermutatioa predominant expression of human kappa light chain, a large population of mature B- 
celis. ana normal levels of IgM r and IgG r human antibodies Such mice mount a vigorous human 
antibody response to multiple immunogens. including human IL-S, human EGF receptor fEGFR), and 
human rumor necrosis faetor-a fTNT-af ultimately yielding antigen-specific fuiiv human Mabs with 
subnanomoiar affinities This last result conclusively demonstrates XenoMouse™ as an excellent 
source for rapid isolation of high affinity, tuliv human therapeutic Mabs against a broad spectrum of 
antigens with any desired specificity 

As will be appreciated from the above-introduction, the XenoMouse II strain appears to 
underco mature B-cell development and mount powerful aduit-human-iike immune responses to 
antigenic challenge The L6 strain, as predicted from the data in connection with L6L and L6H mice, 
also appear to undergo mature B-ceil development and mount powerful adult-numan-hke immune 
responses to antigenic challenge When DI mice are compared to XenoMouse 1 strains and DI and 
XenoMouse I strains are compared to Lo and XenoMouse II strains, a markedly different B-cell 
development profile is observed Owing to this difference, it appears that the quantity andor quality 
cf variable region sequences introduced into the animals are essential to the induction B-cell 
maturation and development and the generation of an adult-human-like immune response Thus, m 
addition to the strains' clear use :n tine generation of human antibodies, the strains provide a valuable 
tool for studying tne nature of human antibodies :n tne norma: immune response, as well as the 
abnormal response characteristic of autoimmune disease and other disorders 
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Variable Rminn - Quantitative Diversity 

It is predicted thar -he specmciry of antibodies de, the ability to generate antibodies to a wide 
spectrum of antigens and indeed to a wide soectnum of independent epitopes thereon ; is dependent 
upon the variable region genes on tne heavy chain (V iL ) and kappa light chain fVj genome The 
human heavy chain genome includes approximately 95 functional genes which encode variable regions 
of the human heavy chain of immunoglobulin molecules In addition, the human light chain genome 
includes approximately 40 genes on its proximal end which encode variable regions of the human 
kappa Heht chain of immunoglobulin molecules We have demonstrated that the specificity of 
antibodies can be enhanced through the inclusion of a plurality of genes encoding variabie light and 
heaw chains. 

Provided in accordance with the present invention are transgenic mice having a substantial 
portion of the human Ig locus, preferably including both a human heavy chain locus and a human 
kappa liaht chain locus. In preferred embodiments, therefore, greater than 10% of the human V H and 
V K aenes are utilized. More preferably, greater than about 20%. 30%, 40%, 50%, 60%, or even 70% 
or sreater of V H and V r genes are utilized In a preferred embodiment, constructs including 32 genes 
on the proximal region of the V r light chain genome are utilized and 66 genes on the V M portion of 
the eenome are utilized. As will be appreciated, genes mav be included either sequentially, i.e., in the 
order found in the human genome, or out of sequence, i e , in an order other than that found in the 
human genome, or a combination thereof. Thus, by way of example, an entirely secuential portion 
of either the V„ or V eenome can be utilized, or various V genes in eitner the V H or \\ genome can 
be skipped while maintaining an overall sequential arrangement, or V genes within either the V H or 
V eenome can be reordered, and the like in a preferred embodiment, the entire inserted locus is 
provided in substantially germane configuration as found in humans In any case, it is expected and 
the results described herein demonstrate mat the inclusion of a diverse array of genes rrom the V H and 
V t senome leads to enhanced antibody specificity and ultimately to enhanced antibody amnities. 

Further, preferably sucn mace include the entire D M region, the entire J M region, the human mu 
constant region, and can additionally be equipped with other human constant regions for the coding 
and generation of additional isctypes of antibodies Such isotypes can include genes encoding v,, y,, 
v, v, a e and 6 and other constant region encoding tienes with appropriate switch and regulatory 
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greater :han 3 S million possible antibody combinations in numans, of anv particular isotvpe 



TABLE I 



Region 



Variable "V 



Hea\T Chain 



KaDoa Lieht Chain !i 



40 



Diversity "D" 



;t j> - 



j ominu 



• r 



Combinations i'VxDxJ 



Total Combinations 
(HC Combinations x LC 



Combinations 



J cc A 1 



200 



^o 



In connection with a preferred embodiment of the invention, throuuh the inclusion of about 



6 V;,. aene 



2 \ K genes m a mcuse with a rul; complement of D ;J , J v ,. and J r genes, the 



possible diversity of antibody production is en the order of 2 G3 X 10° different antibodies. As 
before, such calculation does not take into account N-addition or somatic mutation events 
Therefore., it will be appreciated that mice m accordance with the invention, such as the L6 and the 
.\eno\louse II strains. orTer substantial annbocv diversity In preferred emoociments. mice are 
designed to have the capability o: producing greater than ! X I C 6 different heavy chain \*-D-J 
combinations ar.d kaopa light chain V-J combinations, without accounting for N-additions or somatic 
mutation events 
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Variable Region - Qualit ative Diversity 

j ^,,,nfifjtu-» coiwiin of V-«enes ('i e.. iarue and diverse 

In addition to quantitative diversity, quantitative s-^on o. 

numbers of V-genes, and/or qualitative selection of V-genes u e , seiecncn of particular V-genes, 
5 appears to play a role in what we refer to herein as "qualitative diversity " Qualitative diversity, as 
used herein, refers to diversity in V-D-J rearrangements wherein junctional diversity and/or somatic 
mutation events are introduced. During heavy chain rearrangement, certain enzymes (RAG-1, RAG- 
2, and possibly others) are responsible for the cutting of the DNA representing the coding regions of 
the antibody genes Terminal deoxynucleotidyl transferase iTdt) activity is upregulated which is 

10 responsible for N-terminal additions of nucleotides between the V-D and D-Jgene segments. Similar 
enzymes and others (SCID and other DNA repair enzymes., are responsible for the deletion that 
occurs at the junctions of these coding segments With respect to junctional diversity, both N- 
addition events and formation of the complementarity cetermining region 3 (CDR2, are included 
within such term As will be appreciated, CDR3 ,s located across the D reg.on and includes the V-D 

1 5 and D-J junctional events. Thus. N-add.tions and deletions dunng both D-J rearrangement and V-D 
rearrancement are responsible for CDR3 diversity 

It has been demonstrated that there are certain differences between munne and human 
junctional diversities. In particular, some researchers nave resorted that munne N-addition lengths 
and CDR3 lengths are generally shorter man typical human N-addition lengths and CDR3 lengths 

20 Such groups have reported that, in humans, N-addit.ons of about 7 7 bases in length, on average, are 
typically observed Yamada et al. (1991) Mouse-uke N-adait.ons are more often on the order of 
about 3 bases in length, on average Feeney et al. (1990) Similarly, human-like CDR3 lengths are 
longer than mouse-like CDR3's. in man CDR3 lengths of between 2 and 25 residues, with an average 
of 14 residues, is common In m.ce, some groups have reported shorter average CDR3 lengths 

25 The junctional diversity created by N-additions and CDR3 additions play a dear role 

developing antibody specificity. 

In accordance with the invention, rearranged V-D-J gene sequences show N-addition lengths 
that are comparable to expected adult-human S-adduion lengths Further, ammo acid sequences 
across the oner, reading frame (ORF) csrresponding to CDRJ sequences snow CDR3 lengths that 



- 19 - 



PCT I'S^" Z30 u 1 




--» f-\ 1-^ 



^■1 n I I. > 



'II 

L s ^ 



nr. 



V 1 



J 1 



^ ^_ * A 1 V- * t 



E 'ariable Region - A ffinities 

While we have not conclusively demonstrate:: a direct causal correction between the 
increased variable reguon inclusion and antibody specineitv, ;t appears, and it is exoectec that through 
providing such diversity, the abihty of the mouse to mount an immune response to a wide array 0: 
antigens :s possible and enhanced. Additionally, such mice appear more equipped to mount immune 
responses to a wide array of epitopes upon individual antigens or immunogens From our data it also 
appears that antibodies produced in accordance with the present invention possess enhanced affinities 
Such data includes comparisons between mice in accordance with the invention and the XenoMoufe 
I strains, as well as consideration of the pubiishec results of GenPharm international and the MRC 
In connection with the XenoMouse I strains, as mentioned above, such mice possessed inefficient B- 
ceii production ana a limited response to different antigens Such result appeared related in part to 
the limited V-gene repertoire Similarly, results reported by Ge.nPharm International ana the MRC 
indicate a limited response to diverse antigens 

Without wishing to bound to any particular theory or mode of operation of the invention, it 
would appear that enhanced affinities appear tc result from the orousion of the large number of V 
regions From our data, the provision of greater numbers and.' or selection of qualities of V-gene 
sequences, enhances junctional diversity fN-addit:ons and formation of complementarity determining 
region 3 CCDFG") diversity;, which is typical of an adu.t-human-like immune response, and which 
play a substantial role in affinity maturation of antibodies. It may also be that such antibodies are 
more effective and efficient in somatic mutaticn events that lead to enhanced affinities Each of 
junctional diversity and somatic mutation event, are ciscussed sn additional detail rjelow 

With respect to affinities, antibody affinity rates and constants denved through utilization of 
plural \\: and V r genes (i.e., the use of 32 genes on the proximal remon of the V c light chain genome 
and 66 genes on the V H portion of the genome ) results in association rates ('ka in N-l' 1 S"' ) of greater 
than about 0 50 X1 0*\ preferably greater than 2 00 X 1 0"\ and more oreferabiv greater than about 
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4 00 X 10- dissociation rates (kd m S 1 ) of greater than about 1 00 X !0"\ preferabiy greater than 
about 2.00 X 10- and more preferabiy greater than about 4 00 X Hr, and dissociation constant (in 
v r, ..-_„ ar „ r ,•„,„ =,hnut 1 00 X 10- 10 . oreierabiv sreater than about 2.00 X 10'" ; . and more preferabiy 

sreater than about 4 00 X 10 ,L 

Preferably, such mice adduionaiiy do not produce functional endogenous immunoglobulins 
This is accomplished in a preferred embodiment through the inactivation (or knocking out) of 
endoaenous heavy and light cham loci For example, in a preferred embodiment, the mouse heavy 
chain J-reaon and mouse kappa light chain J-reaon and C t -region are inactivated through utilization 
of homologous recombination vectors that replace or delete the region 



Vnrinhlr Re gion - B-cell Development 

B-cell development is reviewed in Klaus B Lymphocytes (ERL Press ( 1 990)) and Chapters 1-3 
of Immunoglobulin Genes (Academic Press Ltd. (1989)), the disclosures of which are hereby 
incorporated by reference Generally, in mammals, blood cell development, including B- and T-cell 

1 5 lymphocytes, originate from a common piunpctent stem cell. The lymphocytes, then, evolve from 
a common lymphoid progenitor cell Following an early gestational period, B-cell initiation shifts 
from the liver to the bone marrow where it remains throughout the life of the mammal. 

In the life cycle of a B-cell, the first generally recognizable ceil is a pro-pre-B-cell which is 
found in the bone marrow Such a cell has begun heavy chain V-D-J rearrangement, but does not yet 

20 make protein. The cell then evolves into a large, rapidly dividing. pre-B-celi I which is a 
cvtoolasmicallv iT cell. This pre-B-cei! I then stops dividing, shrinks, and undergoes light chain V-J 
rearrangement becoming a pre-B-ce!l II which expresses surface IgM, which leave the marrow as 
immature B-cells. Most of the emerging immature B-ceils continue to develop and to produce 
surface IgD, indicative of their completion of differentiation and development as fully mature 

25 immunocompetent peripheral B-celis. which reside pnmariiy in the spleen. However, it is possioie 
to eliminate the delta constant region and still obtain immunocompetent cells 

B-celi differentiation and development can be monitored and/or tracked through the use ot 
surface markers For example, the B220 antigen is expressed in relative abundance on mature B-ce!!s 

d i Ti T""s --° ; k >v>t r-pT." snd surface I«M~ car. be utilized 
in comparison to pre-B-ce!!:> 1 or li i.^Ui u ,s. i- 
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Assuming the presence of a functional cocv of the Co eene on the transaene 



Through use of B-ceii marKers. soch as those mentioned above, development and 
differentiation of B-cei:s can oe monitored ana assessed 

We have previously demonstrated that DI mice (mice that do net undergo heaw chain Y-D-J 
rearrangement or iight chain \'-J rearrangement) do not orocuee mature 3-celis. In fact, such mice 
arrest at the production of pro-pre-B-eeiis and B-cehs never move from the Done marrow to 
peripheral tissues, including the spleen Thus, both B-ceii development and antibocv production are 
completely arrested The same result is seen m mice that are onlv heaw chain inactivated, B-cei! 
development and differentiation arrests in the cone marrow 

Our XenoMouse I strain produced fanctionaf somewhat mature B-cells However, the 
numoers of B-ceils, m both the bene marrow and peripheral tissues, were significantly reduced 
relative to wild tvpe mice. 

In contrast, our XenoMouse II strains ana L6 strains, unexpectedlv possess almost complete 
B-ceil reconstitution Therefore, in accordance w;th the invention, we have demonstrated that 
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through the quantitative incias.cn or qualitative inciasion ot variable region genes B-ceii 
mfferer.nar.on and deveiopment can be greatlv reconstituted Reconstitut.on. of B-ceii -fferent.ation 
and development is indicative of immune system reconstuution. In general, B-celi reconstitution is 
compared to wild type controls. Thus, m preferred embodiments of the invention, populations of 
mice having inserted human vanabie regions possess greater than about 50% B-cell function when 
compared to populations of wild type mice. 

Further, it is interesting to note that production of human antibodies in preference to mouse 
antibodies is substantially elevated in mice having a knock-out background of endogenous Ig That 
is to say that mice that contain a human Ig locus and a functionally inactivated endogenous heavy 
chain Ib locus oroduce human antibodies at a rate of approximately 100 to 1000 fold as efficiently 
as mice that only contain a human Ig locus and are not inactivated for the endogenous locus 

hotvpe Switching 

As is discussed in detail herein, as expected, XenoMouse II mice undergo efficient and 
effective isorype switching from the human transgene encoded mu isotype to the transgene encoded 
gamma-2 isotype We have also developed XenoMouse LI strains that contain and encode the human 
aamma-4 constant region As mentioned above, mice in accordance w.tn the invention can 
additionally be equipped with other human constant regions for the generation of additional isotypes. 
Such isotvpes can include genes encoding v„ v : , Yj , Yj , a. £. 6. and other constant region encoding 
aenes. .Alternative constant regions can be included on the same transgene, i.e., downstream from 
the human mu constant region, or, alternatively, such other constant regions can be included on 
anotner cnromosome It will be appreciated that where such other constant regions are included on 
the same chromosome as the chromosome including the human mu constant region encoding 
transgene, cis-switching to the other isotype or isotypes can be accomplished. On the other hand, 
where such other constant region is included on a different chromosome from the chromosome 
containing the mu constant region encoding transgene. trans-switching to the other isotype or 
isotvoes can be accomclished. Such arrangement allows tremendous flexibility in the design and 
construction of mice for the generation of antibodies to a wide array of antigens 

It will be aoDreciated that constant regions have known switch and regulator; sequences that 
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and rub-i^red :v Homo e: a. "L cr.starr Reuicr Ger.es of the immunoe: occur. Heav\ 

Chair, arc the Mechanism of Class Sw::crar.u" :r. irnmuruwiohuiir. ' : lv.v.v (Homo e: a; 

. . . j ^ ■ * ^ - . . . w . v. v,.. i . 4 . . . > . . ^ . - . » ..w^, ^^iw.^vj l.> . l . l . e . i ^ e r o r 

example. :r. L' S Pater: Application Sena; Nc .~ 5~^T-S. me disclosure of wn;cr is herebv 
incorporated by reference, tne clorang of me human gamma-; constant region was propnesizeo cased 
on knowr. sequence mrormation from tne pncr an. k was set forth that in the ur.rearrar.ced, 
unswitched gene, the entire switch region was mcluded in a sequence beginning less than 5 kb rrom 
the 5' end of the tirst v-l constant exon Therefore tne switch region was aiso included in the 5' 5 3 
kb Hindlll fragment that was disclosed in Ellison e: al Sucleic Acids Res. 10 4071-4079 (1982). 
Similarly Takahashi et al CV// 29 67 1-679 ( 7982) also reportea that tne fragment disciosea in Ellison 
contained the switch sequence, and this fragment together with the T 7 kb Hindi II to BamHi fragment 
must include all of the sequences necessary for the heaw chain isotvpe switching transsene 
construction 

Thus. wiil be appreciated that any human constant region of choice can oe readiiv 
incorporated into mice :n accordance with the invention v. ;thou; undue experimentation Such 
constant reacns can be associated with their native switch secuerces ('. e a human v, . , , constant 

''— ■ * ' . . _, j . Or -> 

region with a human v , ^ , ^ , switch, respectively) or can be associated with other switch sequences 
fi e.. a human y , constant region with a human v : switch; \ ancus 3' enhancer sequences can also 
be utilized, such as mouse, human, or rat. to name a few Similarly other regulatory sequences can 
also be inciuded 

As an alternative to, and' or in addition to. isotvpe switching rn vivo, B-ceils can be screened 
ror secretion of 'chimeric'" antibodies For example, the Lo mice, in addition to producing fully 
human IgM antibodies, produce antibodies having tuliy human heav\ chain V. D, J regions coupled 
to mouse constant regions, such as a vanery of gammas d e . mouse IgGl. 7. 3. 4) and the like Such 
antibodies are highiy useful in their own right. For example, human constant regions can be included 
on the antibodies through in vitro isotype switching techniques well known in tne art Alternatively, 
andor m addition, fragments ii e . ri'aoj and F;ar ' . fragments) of suon antibodies can oe prepared 
which contain :i:i!e or no mouse constant regions 

o 1 
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As discussed above, the most cnticai factor to antibody production is specificity to a desired 
antigen or eoitope on ar. -nugen Class of the antibody, thereafter, becomes important accorrng tc 
the therapeutic need In other words, will the tnerapeutic index of ar. antibody be enhanced by 
providing a panicuiar isotype or class"? Consideration of that question raises issues of complement 
fixation and the iike, which then drives the selection of the panicuiar class or isotype Dt antibody 
Gamma constant regions assist in affinity maturation of antibodies. However, the inclusion of a 
human gamma constant region on a transgene is not required to achieve such maturation Rather, 
the process appears to proceed as well in connection with mouse gamma constant regions which are 
trans-switched onto the mu encoded transgene 

Materials and Methods 

The following Materials and Methods were utilized in connection with the generation and 
characterization of mice in accordance with the present invention. Such Materials and Methods are 
meant to be illustrative and are not limiting to the oresent invention. 

Cloninv Human l P -derived YACs : The Washington University (Brownstem et al., 1989) 
and the CEPH (Abensen et al., 1990) human-YAC libraries were screened for YACs containing 
sequences from the human heavy and kappa light chain loci as previously described fMendez et al. 
1995) Cloning and characterization of 1H ana IK YACs was described by Mendez et al., (1995) 
3H and 4H YACs were identified from the Washington University library using a V„3 probe (0.33 
kbPstl/Ncol, Berman et ai, 1983) The 17H YAC was cloned from the GM1416 YAC library and 
determined to contain 130 kb of heavy chain variable sequences and a 150 kb chimeric region at its 
3' end Matsuda et al., 1993 2K and 3K YACs were recovered from the CHEF library using V.II- 
specinc pnmer i.Albertsen et ai.. 1990) 

YAC tarverino n n,l recombination : Standard methods for yeast growth, mating, spoliation, 
and phenorype testing were empioved (Sherman et al, 19S6) Targeting of YACs and YAC vector 
arms with yeast anc mammalian selectable markers to facilitate the screening of YAC recomoinants 

in veast of YAC intesration into cells, was achieved by lithium acetate transformation (Scheistl and 




YAC targeting \ectors w ere used for tr.e intercom, ersmr. of cemne ana ac er.tr. c arms to 

reonent i~H ana to retrotit ::s 5' arm wun 2EYI and I'RAJ genes and its 3' arm with me H:S^ gene 

\ , ■> t' fO c " n ^ \ f ^ ^ ^ ^ t ^ r 1 ■ ^ ; ^ e> a H - * ■ r 1 - v ■ ^ c -iir'^p*^") \ v * ^ * n 1 ^ * A '^1 r ^ ^ ^ 

arc the num. an H?RT selectable markers i : or me firs; recombination stem a airjiotd veas: s;ra:n was 
created and selected ;n which ail three VACs i ~*H. 3H, and were present, mtac:. and stabiv 
maintained A three-way homologous reeomrmation between me YAC overlapping regions was 
induced by sporuiaticn ana the -desired recombinant was found by the selection of the outer yeast 
selectable markers (ADE2 and HIS3 ) and negative selection ( less ) of the interna! marker URA3 The 
successful recombination created a 880 kb VAC containing S0°o of the IgH vanabie remom startmc 
at Y„2-5 and extending 20 kb Y of the V„3-c5 gene For the recombination of the S80 kb YAC tc 
iEL IH was retrofitted with pICL which aaos the LYS2 gene to the centric arm fHermanson et al , 
1991) Using standard yeast mating, a aioioid strain was selected containing both lit and the S80 
kb YAC L'pon spoliation and by use of overlapping homology, YAC-yeast recombination was 
carried out With positive select. on for the outer yeast markers (ADE2 and URA5) ana screening 
for the ioss of the internal markers (TRPi. LYS2. HIS3). an mtac: 970 kb YAC consisting of 
approximately 06 Y K segments, starting at V H 6-i and ending a; Y, : 3-65 was found. The YAC also 
contained the major D gene clusters. J H genes, the mtromc enhancer ( E a), Cu, up to 25 ko past C6, 
in germlme contiguration This 9 A3 kb Y.AC was then retrofitted witn a targeting vector including 
a 23 kb EccRI genomic fragment of the human y-2 gene, including its switch and regulatory 
elements, a 7 kb Xbal fragment of the murine hea\y chain 3' enhancer, neomycin gene dnven by the 
metaliothionme promoter fVIMTNeoi. and the yeast LYS2 gene This vector, while bringing in these 
sequences on the 3' YAC arm, disrupts the LTIA3 gene 

As a nrst step toward creating yK2 YAC. by standard veast mating a dipioid veast strain was 
selected in which retrofitted IK and 3K YACs were Doth present, intact, and stabiv maintained 
Using the same process as described m connection with the IgH construction, YAC-veast 
recombination was earned out Through use of positive selection for the outer veast markers ('LYS2, 
TRPI) ana the screening for the ioss of internal markers (LTLAC. TRPM. an intact 800 kb 
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: - ■ ^ nnm ^ v cpnm^ at V ^ and endmc at V - ,. lhe 
recombinant product was round wm<-n ^ntainc- j_ \ r ^ndu - K . Bj _ 

800 kb YAC contains a deletion of approximately 100 kb starting at V K . LH3 and ending at V c . L ^ 
H ~ ve ,.~ Y AC i< m aermiine configuration from V K . L , 13 to 100 kb past \ Wl The YAC also 
contains J,, the intronic and 3' enhancers, the constant C r , and Kde 

YA£mrz±^L2!Li!!l'> F * r " lh and micc: YAC-containing yeast spheroplasts were fused 
with E14 TG3B1 ES celis as described (Jakobovits et al., 1993a, Green et al., 1994) HAT-resistant 
colonies were expanded for analysis. YAC integrity was evaluated by Southern Blot analysis using 
protocols and prober described in Berman et al., (1988) and Mendez et al., (1994) and hybridization 
„ rJ :.:_. „, ^„rnh«l in f>nm,l et al.. (1991) Chimenc mice were generated by microinjection 
of ES cells into C57BL/6 blastocysts YAC-conta.mng offspnng were identified by PCR analysis of 
tail DNA as described (Green et al., 1994) YAC integrity was evaluated by Southern Blot analysis 
using probes and conditions previously described, except that the blot probed with human V H 3 was 
washed at 50°C 

Fkrnu^fnrne^^ Peripheral blood and spleen lymphocyies obtained from 8-10 week 
old XenoMice and control mtce were punned on Lympholyte M (Accurate) and treated with purified 
anti-mouse CD32/CD16 Fc receptor (Pharmingen, 01 24 ID) to block non-specific binding to Fc 
receptors, stained with antibodies and analyzed on a FACStar'^ (Becton Dickinson, CELLQuest 
software) .Antibodies used: allophycocyanm (APC) anti-B220 (Pharmingen. 01129A), b.otin 
anti-human IgM (Pharmingen. 0S072D). biot.n anti-mouse IgM (Pharmingen, 02202D), fluorescein 
isothiocvanate (FITC) goat F(ab') : anti-human IgD (Southern Biotechnology, 2032-02), FITC 
anti-mouse IgD 1 (Pharmingen, 05064D), FITC anti-mlgD" (Pharmingen, 05074D), FITC anti-mouse 
k (Pharmingen. 02174D). PE anti-human k (Pharmmgen, 08 175 A), PE anti-mouse k i Pharmingen, 
02155A) RED613 n -'-streptav,din (GibcoBRL. 19541-010) was used to detect b.otmyiated 



antiDodies. 



tr r^±^ 2 ^' 1 hy^doma veneration : XenoMice (.8 to 10 weeks old) were immunized 
intraperitoneal with 25 ug of recombinant human IL-8 or with 5 ug TNF-c (B.osource 
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times Four days before fusion, toe mice receiver 2 final imeci: or. of antigen or :e;:s ir. P3S S nicer, 
anc Ivmpn node lymphocytes from immunized mice were rased with the ron-secretorv mveioma 
\'S0-bcl2 line ('Ray and Diamond. 1 Q 94), ar.d were subjected to HAT selection as rreviousiv 
described (Galfre and Milstein. 1981) 

EL I$A assay: ELISA for determination of antigen-specific antibodies in mouse serum and 
in hvbridoma supemarants were carnea oat as described (Congan et ai . 1994) usme' recombinant 
human EL-S and TNT-g and affinity-purified EGFR from A43 1 cells ('Sigma. E-364 1 ) to capture the 
antibodies The concentration of human and mouse immunoglobulins were determined usine the 
following capture antibodies rabbit ami-human IgG (Southern Biotechnology, 6145-01), goat 
anti-human IgK ('Vector Labcratones, Al-3060). mouse anti-human IgM ('CGI.'ATCC, HB-57), for 
human v. k, and u ig ; respectively, and goat anti-mouse IgG (Cal:ag, M 30100), goat anti-mouse Isk 
rScutnem 3iotechnolog>'. 1050-01), goat anti-mouse IgM (Southern Biotechnology, 1020-01), and 
goat ann-mouse a 1 Southern Biotechnology', 1060-01) to capture mouse y, k, u. and a k, 
respectively The detection antibodies used in ELISA experiments were goat anti-mouse IgG-HRP 
(Caltag, M-3010";, goat anti-mouse Igvc-HRP (Caltag, M 33007), mouse anti-human IgG2-HRP 
(Southern Biotechnology, 9O7C-05). mouse an;:-human IgM-HRP (Southern Biotechnology, 
9020-35 ), and goat anti-human kappa-biotin (Vector BA-3060) Standards used for quantitation of 
human and mouse :g were human IgG 2 (Calbiochem, 400122), human Ig\l>c (Cappei, 13000). 
human IgG : fc (Galbiochem, 400122). mouse IgC-K (Cappei 55939), mouse Ig\k (S.gma, M-3795), 
and mouse IgG/. (Sigma. M-9019) 

Determination of affinity constants o f fully human Mabs by BIAcorc : Affmitv 
measurement of punned human monoclonal antibodies. Fab fragments, or hvbridoma supernatant:; 
oy piasmcn resonance was earned out usms the 31 Acore 2000 instrament. us:ns genera! orocedures 



WO 98/24893 



PCT.'L'S9" 23091 



outimed by the manufacturers 

Kinetic ar.aivsis of the antibodies was earned out using antigens lmmobiiized onto the sensor 
surface at a iow censitv human IL-S -31 RU, soluble EGFR punned from A43 1 ceil membranes 
('Siema, E-3641 )- 303 RU, and TN7-a- 107 RU (1,000 RU correspond to about 1 ng/mm : of 
immobilizea protein; The dissociation (kg) ana association fka) rates were determined using the 
software provided by the manufacturers. BIAevaluation 2 I. 

Affinity measurement by radioimmunoassay : 125 1-labeled human [L-8 (15 x 10" u M or 3 
x 10' 1! M) was incubated with punned anu-H-8 human antibodies at varying concentrations (5 x 10' 13 
M to 4 x 10" 9 M) in 200 ul of PBS with 0 5% BSA. .After 15 hrs. incubation at room temperature, 
20 ul of Protein A Sepharose CL-4B in PBS (1/1. v/v) was added to precipitate the antibody-antigen 
complex .After 2 hrs. incubation at 4°C, the antibody- 1 "I-rL-8 complex bound to Protein A 
Sepharose was separated from free i: 'I-rU-3 by nitration using 96-weil filtration piates (Millipore, 
Cat. No MADVN65'), collected into scintillation viais and counted. The concentration of bound and 
free antibodies was calculated and the binding affinity of the antibodies to the specific antigen was 
obtained using Scatchart analysis (2) 

Receptor binding assays : The 1L-3 receptor binding assay was earned out with human 
neutrophils prepared either from freshly drawn biood or from buffy coats as described (Lusti- 
Vlarasimhan et ai., 1995) Varying concentrations of antibodies were incubated with 0.23 nM 
; I25 I]IL-8 (Amersham, IM-249) for 30 mm at 4 ; C in 96-weii Multiscreen filter piates (Miliipore. 
MADV N6550) pretreated with PBS binding buffer containing 0.1% bovine serum albumin and 
0.02% NaN 3 at 25°C for 2 hours 4 X 10' neutrophils were added to each well, and the plates were 
incubated for 90 mm at 4°C Cells were washed 5 times with 200 ul of ice-cold PBS, which was 
removed bv aspiration The filters were air-dried, added to scintillation fluid, and ccunted in a 
scintillation counter The percentage of specifically bound [ l25 I]IL-8 was calcuiatea as the mean cpm 
detected in the presence of antibody divided by cpm detected in the presence of buffer only. 

Bindins assays for TNT receptor were performed in a similar manner as the IL-8 assays 
desenced above However, the human monocyte ane U937 was utilized instead of the neutrophil line 
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The EGF receptcr nmdmg assav was earned cut wrm A-3 1 ce:!s < " -* \ ! -cei:: we:!' 
wmch were incurated wim vauvmg concentrations cf antibodies in PBS binamu curTer fcr 30 minutes 
at d'C I rM F^IiEGF (Amersnam. IMGGm was added to each well, ana tne riates were 
incubated rc-r C C mm a: -"'C The plates were washed five times. a:r-dned ana counted m a 
scintillation counter Anti-EGFR mouse antibodies 23: anc 525 i Caibiochem) were used as controls 

Repertoire analysis of human 1° transcripts expressed in XenoVfice and their derived 
human Mahs : Polyf AC mRNA was isolated from spleen and Ivmph nodes of unimmumzed and 
immunized XenoMice using a Fast-Track kit (invctrogen ) The generation of random nnmec cDNA 
was followed by PCR Human Y ;: or human Y r famuv specific vanab.e region pnmers (Marks et al . 
1991) or a universal human V M pnmer, MG-30 f CAGGTGC AGCTGGAGCAGTCIGG ) was used 
m conjunction with primers specific for the human Cu (nuP2) or Ck (UkPZ) constant regions as 
previously described ("Green et aL i r <9- ) or the human y2 constant region \IG-40d. 
^'-GCTGAGGGAGTAGAGTCCTGAGGA-j' PGR products were cloned into pCRII using a TA 
cloning kit Hnvnrogen) and both strands were sequenced using Pnsm dve-terrmnaror secuencms kits 
and an ABl 3 7" sequencing machine Sequences of numan Mabs-oenved heaw and !<appa chain 
transcripts were obtained by direct sequencing of PCR products generated from poiyCV) RNA using 
the pnmers descnbed above A.l sequences were analyzed by alignments to the "V BASE sequence 
director/' (Tomimson et a!., MEX! Centre for Protein Engineering, Cambridge. LTG using Mac Vector 
and Geneworks software programs 

Preparation and purification of antib ody Fa h fragments : Antibody Fab rraements were 
produced by using immobilized papain ( Pierce \ The Fab fragments were punned with a two step 
chromatcgrapmc scheme: HiTrap i'Bio-Rad) Protein A column to capture Fc fragments and anv 
undigested antibcdw followed by eiution of the Fab fragments retained in the fiovv-throutm cn stronc 
cation exenange coiumn (PerSentive Biosystems :■. with a linear salt gradient to C 5 M NaC! Fab 
fragments were characterized by SDS-PAGE and N1ALDI-TOF MS under reducing and non-reducing 
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conditions, demonstrating the expected -50 kD unreduced fragment and -25 kDa reduced doublet 
This result demonstrates the intact light chain and the cleaved heavy chain MS u^der reducing 
conditions permitted the unambiguous identification of both the light and cleaved heavy chains since 
the light chain mass can be precisely determined by reducing the whole undigested antibody 

Examples 

The following examples, including the experiments conducted and results achieved are 
provided for illustrative purposes only and are not to be construed as limiting upon the present 
invention. 

10 

Example I: Reconstruction of human heavy chain loci on YACs 

In accordance with the present invention, the strategy that we utilized to reconstruct the 
human heavy chain and human kappa light chain variable regions was to, first, screen human-YAC 
libraries for YACs that spanned the large (megabase-sized) human Ig loci and, second, to recombine 
1 5 YACs spanning such regions into single YACs containing the desired loci predominantly in germline 
configuration. 

The above, stepwise, YAC recombination scheme exploited the high frequency of 
meiotic-mduced homologous recombination in yeast and the ability to select the desired recombinants 
by the yeast markers present on the vector arms of the recombined YACs (See Figure 1, and Green 

20 et ai., supra. , see also Silverman et al., 1990 ana denDunnen et al., 1992). 

In connection with our strategy, we identified four YACs, iri (240 kb), 2H (270 kb), 3H (300 
kb), and 4H (340 kb), which spanned about 830 kb, out of the about 1000 kb, of the human heavy 
chain variable region on chromosome 14q. YACs iH, 2H, 3H, and 4H were used for reconstruction 
of the locus (See Figure 1 A). Pulsed Field Gei Electrophoresis (PFGE) and Southern blot analysis 

25 confirmed the YACs to be in intact, germiine configuration with the exception of 150 kb at the 3' end 
of YAC 2H which contained certain non-IgH sequences (See Figure 1 , Matsuda et ai., 1990) YAC 
1FL the YAC that was previously introduced into our first generation XenoMouse™ (Green et al , 
supra , Mendez et a!., 1995), is comprised of the numan C 6 , C u , J H . and D H regions and the tirst :> V H 
genes in germiine configuration. The other three YACs cover the majority of the V H region, from 

- 31 - 
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strategy generated a °S0 kb recombinant VAC ..-V^ Figure ; i Analysis of me VAC :v ?FGE ana 
Southern bior analysis corjarmed :he presence of the human heaw chain iocus from tne C region tc 
20 kb 5' of the Y„3-o5 gene in germiirie configuration No apparent deletions or rearrangements were 
observed. 

The VAC acerunc arm war. targeted with a vector bearing tne complete human y2 constant 
region, mouse 3' enhancer, and the neomycin resistance gene, to v.eid the final 1020 kb heavy chain 
YAC, yH2 VAC vH2 contained the majority of the human variable region i e . 66 out of the 82 Y H 
genes, complete D H (3 2 genes ), and J H (6 genes i regions and three different constant regions (Cu, 
C5, and Cyj with their corresponding regulator.' sequences (Sec Figure 1 A) This was the heaw 
chain construct utilized for the pre auction oi our Xeno.Vlouse II strains 

Example 2: Reconstruction of human kappa light chain loci on YACs 

A similar stepwise recombination strategy was utilized for reconstruction of the human kappa 
light chain locus Three YACs were identified tha: scanned the human kappa loci. The YACs were 
designated IK. 2K and 3K YAC IK. which had a length of approximately ISO kb had previously 
been introduced into cur first generation XenoMouse™ Such YAC contained the kappa deleting 
element, (Kde). the kappa 3" ana mtrcnic enhancers. C r . J r , and the three Y r genes on the B cluster 
(Green et al , 1994; Mencez et al.. 1 v95 ) VAC 2Y, (approximately 430 kb), and 3K (approximately 
380 kb) together encompass most ^f the kappa chain proximal vanabie region on enromosome 2p 
A deletion of approximately IOC kb ipans the LI3-L5 region (Tig IB. Huber et al.. 1993) Inasmuch 
as the kappa distal region duplicates tne proximal region, and as the proximal \\ genes are the ones 
most commonly utilized humans f'Weichoid et al , 19v3. Cox et ai , 19^4), the proximal region was 
the focus oiour reconstruction strategy (Fig. : E ) Through homologous recombination of the three 
YACS. an 300 kb recombinant YAC. yK2. 'was recovered The size and integrity of the recombinant 
YAC was conhrmed by PFGE and Southern bio; analysis Such anaivsis demonstrated that it covered 
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the proximal pan of the human kappa chain locus, with 32 \\. genes in germane configuration except 
for the described deietic ' m the Lp region (Fig IB) yK2 centnc and acemnc arms were moaned 
to contain the HPRT and neomycin selectable markers, respectively, as described (Materials ana 
Methods ) This was tne kappa light chain construct utilized for the production of our XenoMouse 
II strains. 

The YACs described herein, yH2 and yK2, represent the first megabase-sized reconstructed 
human Is loci to contain the majority of the human antibody repertoire, predominantly in germime 
configuration This accomplishment further confirmed homologous recombination in yeast as a 
powerful approach for successful reconstruction of large, complex, and unstable loci. The selection 
„f c^Up VAT rerombtnants containing iarae portions of the Is loci in yeast provided us with the 
human Is fraements required to equip the mice with the human antibody repertoire, constant regions, 
and regulatory elements needed to reproduce human antibody response in mice. 

Exanwle 3: Introduction of vH2 and vK2 YACs into ES cells 

• " 

In accordance with our strategy, we introduced the YACs, yH2 and yK2, into mouse 
embryonic stem (ES) cells. Once ES cells containing the YAC DNA were isolated, such ES cells 

were utilized for the generation of mice through appropriate breeding. 

In this experiment, therefore. YACs yH2 and yK2, were introcuced into ES cells via fusion 
of YAC-contaimng yeast spheroplasts with HPRT-dehcient E14 TG3B1 mouse ES cells as previously 
described (Jakobovits et al., 1993a, Green et al. 1994) HPRT-positive ES ceil clones were selected 
at a rreauency of 1 clone.'' 1 5-20x10° rusea cells and were analyzed for YAC integrity by Southern and 

CHEF blot analyses (Fig. 2A). 

Seven of thirty-five ES cell clones (referred to as L10. J9.2, LIT. LI 8, J 1 7, L22. L23) derived 
from ES ceil fusion with vH2-containjng yeast were found to contain ail expected EcoRI and BamHI 
vH2 fragments detected by probes spanning the entire insert" mouse 3* enhancer, human mtronic 
enhancer, human, C v 2, C ft , and C u constant regions, D H , J K and all the different V : , families' V H 1, V,,2, 
V 3 V.4 Vo and V./) (data shown for 5 clones m Fm 2A) CHEF analysis further connrmed that 
these cior.es. which represent 20% of all clones analyzed, contain the entire intact vH2 YAC with no 
anoarent deletions or rearrangements (data not shown) 
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Clones :r. rig 5A- Yammg a— cams cf veas: genomic seouer.ce> were detected :n ; HZ and \KZ-ES 
cell ciones (data not shown) 

These results are the tirst demonstration of mtrocuction of megacase-sizea constructs 
encompassing reconstructed human be:, predominant!;.- in germime configuration, into mammalian 
ceils The reianveiy high frequency of intact VACs integrated into tne mouse genome runner 
validated the ES ceii-veast spheroptas: rusion methodology as an effective approach for faithru: 
introduction of iarge human genomic fragments into ES ceiis 



Example 4: (feneration of XenoMouse II strains 

In order to generate mice from tne V AC DNA containing ES ceils, microinjection of 
blastocysts was conducted, rbliowed by breeding Thus. vHE- and vrCZ-oearmg ES eel: clones were 
expanded and rrueromjeoted into mouse C5~BL/6J blastocysts (Green et al . l°94i and the chimeric 
males produced were evaluated for germime transmission OrTspr.r.g with transmitted VAC were 
identified by PCR analysis and the VAC integrity was confirmed bv Southern met analysis. In all 
transgenic mice analyzed tne YAC was snown to be m intact form ( Fig ZB, 33) Ail seven 
microimected yHZ-ES clones and two out of eight vHZ-ES cior.es were transmitted through the 
mouse germhne 

In order to generate mice that produced human antibodies to the exclusion of endogenous 
antibodies, yHZ- or yKZ_- transgenic mice were bred with coubie-mactivated (DI") mouse strains The 
DI mouse strains, are homozygous for gene targeted-mactivated mouse heavy anc kappa mam loci 
and thus are deficient in antibody production 1 JakcboMts et ai . :993b. Green et a! . ]99>i) Two of 
the yH2- transgenic mouse strains LiO and J9 2. ana one c f tne vK2-transgen:c mouse strains. J23 . 1 . 
were bred with DI mice to generate mice hearing VACs on an homozygous inactivated mouse heavy 
and kappa chain background (yHZ.DI. anc yKI.DI) Each :f the yHZ.DI transgenic strains were bred 
with the yKdZ.DI transgenic strain to generate two XenoMouse II strains. ZA- ; ! L 1 C.JZ3 EDI) anc 
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n A- (J9 2X3 l.DH, respectively, containing both heavy and light chain YACs on homozygous DI 
background L10 is fuiiy homozygous and J9 2 and J23 1 are m the process of being successfully 
bred to homozygosity 

The inteenty of the human heavy and kappa chain YACs in XenoMouse II strains was 
connrmea by Southern blot analysis. As shown in Fig 2 and Fig 3, m both XenoMouse strains 
analyzed, yH2 and yK2 were transmitted unaltered through multiple generations with no apparent 
deletions or rearrangements. 

Example 5: B-ce!! development and human antibody production hv XenoMouse II mice 

In order to further characterize the XenoMouse II strains, we studied their B-ceii development 
and their production of human antibodies Re-constitution of B-cell development and antibody 
production in XenoMouse II strains by yH2 and yK2 YACs was evaluated by flow cytometry and 
ELISA. In contrast to DI mice, which completely lack mature B-cells, XenoMouse II manifested 
essentially normal B-cell development with the mature B-cell population in the blood totaling over 
50% of the level seen in wild type mice (Tig 4 A) .All B-cells were shown to express human IgM and 
huah levels of B220 (human IgMTBZZO*), with 60% of this population also expressing human IgD. 

* — * 

Similar results were obtained from analysis of XenoMouse spleen and lymph nodes (not shown). 
These results correlate well with the characteristics of mature B-cells in wild type mice, indicating 
proper B-cell maturation in XenoMouse 

i i 

The majority of XenoMouse B-ceiis (75-80%) expressed exclusively human kappa (tc)light 
chain, whereas only about 15% expressed mouse lambda (a) light chain (Fig 4) This light chain 
distribution ratio (hK/W.. 75.15) is comparable to that observed in wild type mice, indicating a 
mouse-like regulation of light chain utilization In contrast, XenoMouse I, as described in Green et 
al., 1994, showed a ratio of htcmv.: 55 45 (data not shown) Similar observations were made for B- 
celis from spleen (Fig. 4B) and lymph nodes (net shown), indicating that most or XenoMouse II s 
3-ceils produced exclusively fully human antibodies Levels of m/.-expressing B-celis were reduced 
from 15% to 7% in XenoMouse II strains homozygous for vK2 (data not shown) 



n - 



U ( ) 9S 248^3 



PCT r>Q~ 230^1 



ExLimr le_n Cjen e r ci tion of . V rrfl/'/i 

with the aeneraticn of trie XenoMouse II straps However, owing to 2 deletion e\em aurmg toe 
,^r, e nn^r. of 'he Lo ES ceil iine tne ES ceil line, and. subsequently, the Lo mouse evolved without 
a portion of the sequence dista! :o Co. thus. eliminating the C7 censtant region arc :ts regulatory 
secuences Following completion of breeding, the Lo trace wiil contain the entire yK22 construct and 
the enure vHL2 construct, except for trie missing Cy constant region 

Example ~: Human Antibody Production 

Expression of human Cu, CvZ. and k light chains were detected in unimmunized XenoMouse 
II sera at maximal levels of 700, 600, and 800 ug'ml. respectively To determine how these values 
compared to wiid-tvpe, we measured maximal levels of mouse Cu. CyZ. and k iight chains in 
C57BL/6J x 129 mice kept under similar pathogen-free conditions The values for Cu. Cy2, and k 
iieht chain in wilo-tvue mice were 400, 2000. and 2000 us; mi. respectively Upon immunization, the 
human v chain levels increased to approximately 2.5 mg/ml The concentration of mouse a was only 
T 0 uo/ml, runner confirming the preferential use of human kappa chain. 

These findings confirmed the ability of the introduced human Ig YACs to inauce proper Ig 
eene rearraneement and class switching and to generate significant levels of huHv human IgM and IgG 
antibodies before and after immunization 

Example 8: A diverse human antibody repertoire in XenoMouse [I 

In order to further understand the reconstitution of the antibody repertoire m XenoMouse II 
strains, we challenged mice with several antigens, and prepared hybndema cell lines secreting such 
antibodies As will be understood, recapitulation of the human antibody response m mice requires 
diverse utilization of the different human variable genes contameo on yH2 and yfv2 YACs. The 
diversity of tne human antibodies generated by XenoMouse II strains was determined by cloning and 
sequencing human heavy chain (u and 7 ) and kappa light chain transcripts from XenoMouse lymph 
nodes. Based upon our data to date, secuence analysis demonstrates that XenoMouse II utilizes at 
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least 1 1 out of the 37 functional Y : , genes present on vK2, eight different D, segments and three J K 
a e n es (J ro , J H4 , j H6 ) (Table III. J H < was aiso detected in connection with our sequencing antibodies 
from hybridomas) V-D-J sequences were linked to human u or v2 constant regions (not shown) 
The V H cenes utilized are wideiy distnbuted over the entire vanabie region and represent four 
5 out of the seven V H families (Table III) The predominant utilization of V genes from V, 0 and V H4 
families is similar to the V„ usage pattern in adult humans, which is proportional to family size 
(Yamada et al. 1991 , Brezinshek et al., 1995) The predominant usage of J„. is also reminiscent of 
that detected in human B-cel!s (Brezinshek et al., 1995) Addition of non-germiine nucleotides 
(N-additions) at both V-D and D-J joinings, ranging from 1-12 bp, were aiso observed. Such N- 

, iv . J J -™„! 0 m 0n nn' riotormlnino rpcrinnc 1 iTDRJ^ With lenfTthS 01 from 8 tO aOOUt 

iu aoQitions prouui-cu LUiapn-iiiwinuj ; m,..— — - v - — — — 

19 amino acid residues, which is very comparable to that observed in adults human B-cells (Yamada 
etal 1991, Brezinshek et al., 1995). Such CDR3 lengths observed in the XenoMouse II are much 
lonaer than CDR3 lengths ordinaniy observed m mice (Feeny, 1990) 

A hiehiy diverse repenoire was also found in the ten kappa chain transcripts sequenced. In 

15 addition to displaying 3 out of the 25 Vk functional open reading frames (ORFs) present on yKZ all 
of the Jk oenes were detectable (Table IV) The different Vk genes utilized were widely dispersed 
throughout yK2, representing all four major VV gene families. All VkJkz recombination products 
were linked properly to Ck sequences. The paucitv of N-additions in our transcripts is in agreement 
with the greatly reduced terminal deoxynucleotide transferase activity at the stage of kappa chain 

20 rearrangement. The average CDPJ length of 9-10 amino acids that we observed in the kappa chain 
transcripts is identical to that observed in Human B-ceiis (Marks et al., 1991) 

i 

In Tables III and IV below, repenoire analyses of human heavy and kapoa light chain 
transcripts expressed in XenoMouse II strains are presented. Human u, y, and k specmc mRNAs 
were amplified bv PCR, cloned and analyzed by sequencing as described in Materials and Methods 
25 Table IE shows a series of nucleotide sequences of 1 2 unique human heavy chain clones, divided into 
V H , D. Ju and N segments, as identified bv homology with published germlme sequences (Materials 
and Methods) Each D segment assignment is based en at least 8 bases of homology Table IV 
shows a series of nucleotide sequences of Y-J unctions of s independent human r. clones Tne 
seauences are divided into \' J P and N segments inc. identifiec based on homology to published V, 
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TABLE IV 

Repenoire Annivsis of Human Kappa Light Chain Transcripts 



r;„ P - ! Vr 

v„ j i./l p ^ p 


X 


Jr 


F2 2.3 


02 (DPK9) 


n 


Jr^ G A7C ACCTTC'rGCC AA 


F4 1.8 


L5 (DPKJ) 
ACAOOC t AAL AG I . 1 Lll 1L _ 


n 


ir! GGACG7TCGGCCAA 


F4 1.6 


A20 (DPK4) 
AAGTATAACAG7GCCCC 


A 
U 




1 — - — - J 


08 

ACAGTATG AT AA7C7CCC 


0 


Jr4 GCTCACTTTCGGCGGA 


F2.1.5 


LI 

AAAGTATAATAGTTACCC 


0 


Jr5 GATCACCTTCGGCCAA 


F2 ! 4 


A30 

CAGCATAATAG1TACCC 




)Ki VT7CACTT7CGGCCCT 


FM.3 


I, . - — ■■' 

B3 (DPK24) 
.AATATTATAGTACTCC 


J 


jr4 GCTCACi I 1CGGCGGA 


F4 1.3 


A27(DPK22) 1 
CAGTATGGTAGCTCACCTC 1 >'0) 


Jk2 CAC'I i 1 1GGCCAG 



These results, together with sequences of XenoMouse-denved hybridomas descnbed later, 
demonstrate a hiehlv diverse, adult human-like utilization of V, D, and J genes, which appears to 
demonstrate that the entire human heavy and kappa chain variable regions present on the yH2 and 
the ylC YACs are accessible to the mouse system for antibody rearrangement and are being utilized 
in a non-position-biased manner In addition, the average length of N-additions and CDRJs for both 
the heaw and kappa chain transcripts, is verv similar to that seen in adult human B-ceiis, indicating 
that me YAC DNA contained in the mice direct the mouse machinery to produce an adult human-like 
immune repertoire in mice. 

In connection wuh the following Examples, we prepared high affinity antibodies to several 
antigens. In particular, antigens were prepared to human IL-8 and human EGFR The rationale lor 
the selection of IL-8 and EGFF. is as follows 

EL-8 is a member of the C-X-C ehemokine family IL-8 acts as the primary chemoattractant 
for neutrophils implicated in many diseases, including ARDS. rheumatoid arthritis, inflammatory 
bowel disease, glomerulonephritis, psoriasis, alcoholic hepatitis, reperfasicn injury, to name a tew 
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neutrophils by human am.-iL-5 Figure Z-i show, mmbmon of IL-S induced caic:— -;;-x - v dLmar 
ar.ti-r^-S antibodies Figure 25 snows inhibitor, of EL-S FIB.': -: chemctaxr.is by bdn:an an::-IL-S 
ar/dbcaies Figure 2o is a schematic diagram, o: a racbi: rr.odei of nu-an H-S induced skin 
:nfiaiTrr:aticn Figure 2^ shows the mrub:ii-n of human IL-S induced sk:n ini;an:ma:ion in :ne rabbit 
nacdel of Figure 26 w::n human anti-IL-8 antibodies Figure 2S shows inhibition of aneiceenesis of 
endothelial ceils on a rat cornea! roocket model by human anti-IL-8 antibodies 

EGFR is viewed as an anti-cancer target F^r exampie. FGFR is overexpressed. up to 100 
fold, on a variety of cancer ceils Ligand (EGF and 17 ,T) mediated growth stimulation piavs a cntical 
roie in the initiation and progression of certain turners In thus regard, EGFR antibodies inhibit ligand 
binding and lead to the arrest of rumor ceil growth and, in conjunction with chemc-theraneutic aizents 
induces apoptosis Indeed, it has been demonstrated that a combination of EGFR Mabs resulted m 
tumor eradication m munne xenogeneic tumor models Imcione has cDnouctcd Phase I cimicai 
utilizing a chimeric Mab (C225) that proved to be safe In Figures 3 1-33. we demonstrate data 
related to our human anti-EGFR antibodies Figure 30 shows heavy chain ammo acid seduences of 
human. anti-EGFR antibodies denved from XenoVlouse II strains Figure 3 ; shows blockage EGF 
binding to A43 1 ceils by numan anti-EGFR antibodies Figure 32 shows inhibition of EGF binding 
to SW948 cells by numan anti-EGFR antibodies Figure 33 snows that numan anti-EGFR antibodies 
derived from XenoMouse II strains inhibit crowth of SW948 ceils //; vitro 



Example 9; Hi?h affinity, antigen-specific human Mabs produced hv XenoMouse II 

We next asked whether the demonstrated utilization of the iarge human repertoire in 
XenoMouse II could be harnessed to generate numan antibodies to multiple antigens, m particular, 
numan antigens of significant cumcai interest 

Accordingly, individual XenoMouse LI pups were challenged each with one of three different 
antigen targets, human IL-S. human EGFR and numan TNT -a Amiens were administered :n two 
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different forms. e:ther as soluble protein, in the case ofIL-8 and TNr-cx or expressed on the surface 
of cells ( A43 1 ceils), in case of EGFR For ail three antigens. ELISAs performed on sera from 
,_„ rilzM mir „ indicat ed a strone antieen-SDecific human antibody flgG. IgK) response with titers 
as hi ah as 1 . 3 x 1 0 6 Negligible mouse a response was detected 

Hybndomas were derived from spieen or lymph none tissues by stancard hybridoma 
technology and were screened for secretion of antigen-specific human Mabs by ELISA. 

An IL-8 immunized XenoMouse n yielded a panel of 12 hybndomas. ail secreting fully human 
(hIgG,K) Mabs specific to human EL-8 .Antibodies from four of these hybndomas, D 1 1 , K2 2. K4 2, 
and K4.3, were punned from ascitic fluid and evaluated for their affinity for human LL-8 and their 

hindincr of LL-8 to its receptors on human neutrophils. 

Affinity measurements were performed by solid phase measurements of both whole antibody 
and Fab fragments using surface piasmon resonance in BLAcore and in solution by radioimmunoassay 
(Matenais and Methods). As shown in Table V, affinity values measured for the four Mabs ranged 
from i.lxiO 9 to 4 .8x10'° M" 1 . While there was some variation in the techniques employed, affinity 
values for all four antibodies were consistently higher than 10 9 M" 

ELISA analysis connimied that these four antibodies were specific to human IL-8 and did not 
cross-react with the closely related chemokines MlP-ict. GROa, p. and y, ENA-7S, MCP-1, or 
RANTES (data not shown). Further, competition analysis on the BIAcore indicated that the 
antibodies recognize at least two different epitopes (data not shown) All antibodies inhibit IL-8 
binding to human neutrophils as effectively as the murine anti-human IL-8 neutralizing antibody, 
whereas a control human IgG : xc antibody did not (Fig 5 A) 

Fusion experiments with EGFR-irnrnunized Xenomouse II yielded a panel of 25 hybndomas, 
all secreting EGFR-specific human IgG,K Mabs Of the thirteen human Mabs analyzed, lour (E2. 1 , 
E2 4. E2.5. E2 1 1) were selected for their ability to compete with EGFR-specific mouse antibody 
225. which has oreviously been shown to inhibit EGF-mediated cell prol.feration and tumor formation 
in mice (Sato et ai . 1983) These human antibodies, punned from ascitic fluid, were evaluated for 
their affinity for EGFR ana neutralization of EGF binding to ceils The affinities of these antibodies 
for EGFR, as determined by BLAcore measurements, ranged from 2 9>10' to 2 9x10'° W (Table V) 

.All four anti-EGFR antibodies compieteiy blocked EGF binding to A43I ceils (Fig -B), 
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not shown.) I:: pcth cases, the :ufy human antibodies -a ere as effect:', e :n inhibition of FGF -p.c-i: 
as the it:; EGFR mouse amt:bcd\ 225 and more potent man t.ne 5IS antibodv 1 Gill et 1. . :9S3 1 In 
rjoth ceil assays, a control human ;gG : K antipccy did not arTec: EGF bmome s F;o 53 ana cata no: 
shown) 

Fusion experiments vvuh TNT -a imtmumoed Xenomouse li voided a panel of 12 human IuG^ 
antibodies Four out of the 12 were selected for their ability to block the binding of TNT-a to its 
receptors on U93 7 ceils (Fig. 5G The affinities of these antibodies wer* de***— v^H ^ ^ ; r -h* 
range of 1 2-3 9xl0 9 M* 1 (Table V) 

The descr.bed Xenomouse-denved hvonoomas produced antibodies at concentrations in tne 
range of 2-1 9 ug'rrJ in static culture conditions Characterization of the punned anticodies on protein 
geis under non-reducing conditions revealed the expected apparent molecular weieht of 150 kD for 
the IgG : K antibody Under reducing conditions the expected apparent molecular weights of 50 kD 
for the heavy and 25 kD for the light chain were detected (data not shown) 

Table V. below, snows armmry constants 0: XenoMouse-denved antigen-specific ruilv human 
Mabs. The affinity constants of XenoMouse-denved human IgG : K Macs specific to IL-S. EGFR, and 
TNF-ct were determined by BIAcore or by radioimmunoassay as described in Materials and Methods 
The vaJues shown for IL-3 and EGFR are representative of independent expenments earned out with 
punned antibodies, wniie tne vaiues snown far TNT -a are from experiments earned out with 
hybridoma su pernatants 
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Example 10: Gene usage and somatic hvpermutarwn in monoclonal antibodies 

The sequences of the heavy and kappa light chain transcripts from the described LL-S and 
EGFR-human Mabs were determined Figure 6 and Figures [[ ]] The four IL-S-speciric antibodies 
consisted of at least three different V H genes (Vj.,. u 'V H4 . :!; V ;o . J0 and V ;; « four different D 1; 
seements ( A1/A4. KK ir3rc, and 21-lOrc) and two I, ; and J M .) gene segments. Three different 
Vk senes (012. 013. and B3 ) combined with Jk3 and ,U:4 genes Such diverse utilization shows that 
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abiiitv to comoete with Mac 125 snowed relatives restricted Y H and W g^ne usage, v. itn three 
antibodies. EI 1. £2 4 and E2.5 sharing tne sane Y ; , gene :--3 \ i and £2 i ■ containing Y,^.. whjch 
is hiehiv homologous to V H ,, 31 Different D i2. Ai A4 X?l > and Y, (J tl 3. J; - Y5) segments were 
detected All four antibodies were shown :o share the sane Yve (01 S) gene Three o: them 
contained Jk4, and one, E2 5, contained Jk2 

Vlost V H and Vk hybndoma transcripts snowed extensive nucleotide changes ''"-!7'i from the 
corresDonding germiine segments, whereas no mutations were detected in the constant regions Most 
of the mutations m V segments resulted in ammo acid substitutions m the predicted antibody amino 
acid sequences (0-12 per V gene), many in CDRi and CDR2 regions (Figure _) Of note are the 
mutations which are shared by the heavy chain sequences of EGFR antibodies, such as the Glv- Asp 
substitution in CDRI, shared by al: antibodies, nr Ser-Asr. substitution m CDR2 and Vai-Leu in the 
frame wor:< region 3 sharec by three antibodies These "esults indicated that an ex:ensive orocess or 
somatic h\x>ermutation leading to antibocv maturation and selection, is occurr.ne in Xenomouse II 



Discussion 

Thus present application describes :ne nrst functional substitution of complex, megabase-sized 
mouse loci, with human DNA fragments equivalent in size and content reconstructed on YACs. With 
this approach, the mouse humoral immune system was "humanized" with megaoase-sized human Ig 
loci to substantially reproduce the human antibcdv response in mice deficient in endogenous antibody 
production. 

Our success in faithful reconstruction of a large portion of the human heavy and kappa itgnt 
cnain icci, nearly in germiine configuration, establishes VAC recombination in yeast as a powerrul 
technology to reconstitute large, complex and unstable fragments, such as the Ig loci (Mendez et a!., 
1995), and manipulate them for introduction into mammalian ceils Furthermore, the successful 
introduction of the two large heavy arid Kaoca light chain segments into the mouse germiine :n intact 
form connrms the methodoioLrv of ES ceil-veast sdherocias* tusion as a reliable and efficient annroach 
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to delivenng xenogeneic ioc: into the mouse gerrniine 

Characterization of Xenomouse II strains has shown that the large Ig ioc; were capable o; 
restoring the antibody system, comparable in its diversity and functionality to that of wildtvpe mice, 
and much superior to the humoral response produced :n mice bearing human Ig rmnigene constructs 
(TLonberg et al., 1 994 J or small human Ig YACs (Green et ah, 1994) This difference was manifested 
in the levels of mature B-ce!is, human Ig production, class switching efficiency, diversity, 
preponderance of human IgK over murine IgA production, and magnitude of the human antibody 
response, and success in the generation of high affinity, antigen-specific monoclonal antibodies to 
multiple antigens. 

The levels of mature B-cells and human antibodies in Xenomouse II are the highest ye: 
reported for Ig-transgenic mice, representing a several-fold increase over the levels shown for 
previous mice and approaching those of wildtvpe mice In particular, the levels ot the human IgG 
were more than 1 00 fold higher than those reported for mice bearing mmilocus Ig transgenes with 
human y 1 gene (Lonberg et al., 1994) The more efficient class switching in Xenomouse II was likely 
the result of the inclusion of the entire switch regions, with all of their regulatory elements, as well 
as the additional control elements on yH2, which may be important to support and maintain proper 
class switching. The elevated levels of mature B-cells in Xenomouse II strains are likely to result 
from the higher rearrangement frequency and thus improved B-cell development in the bone marrow 
due to the increased V 2ene repertoire 3-celi reconstituuon is expected to be even more pronounced 
in XenoMouse II strains that are homozygous for the human heavy chain locus 

The ratio of human k to mouse a light chain expression by circulating B-ceils provides a 
useful internal measure of the utilization of the transgenic kappa cnain locus Whereas in mice 
containing one allele of smaller Ig YACs. an approximately equal distribution of human k and mouse 
a was observed, a significant preponderance of human k was detected in Xenomouse II strains. 
Moreover, in animals homozygous for yK2 possessed a k. \ ratio that is identical to wiid type mice 
These observations together with the oroad Vk gene usage strongly suggest that the human proximal 
Vk eenes in the Xenomouse II are sufficient to support a diverse heht chain response and are 
consistent with the bias toward proximal Vk gene usage m humans ('Cox et a: . 1994) 

Xenomouse II strains exhibited hiehiv increased antibodv diversitv with V. D, and J ^zenes 



WO ^S.:4S ,J 3 



pct rs<r :ju°i 



. r. . w i ,1 . ..^ulC. , .... v- .^..^l.^.. -.j ; Uma s ' t' e n - ^ ^ f 1 ! - ; 1 ° ^ ~ ^ -F-.., nn -.,. 

. ^ r e. lO:. e. ahi^^ 3 ^^..nori-oiasea usaue coser.e.-: ;r, ig 

minigene-beanng mice (Tayior et ai . i Q0 2. Tavlcr et a! . 1 Tuailion e: a. . 1 ?9 j i Trie broad 
utilization of many of [he l^ncnonai am: \'k ecnes rogether with me muitmixrv of antigens 
recognized by the mice underscores the importance of the .arge V gene reoenoire ;o sjccessrully 
reconstituting a functional antfcodv resnonse 

The oitnmate test for the extent of reconstmot:on of the human immune response m mice is the 
spectrum of antigens to which the mice wii; ei:c;t an antibody response and the ease wuh wmch 
antigen-specific high arnmty Macs can be generated :o different antigens Unnke mice engineered 
with smaJier human Ig YACs or mmigenes, which yielded to date oniy a iimited number of 
antigen-specific human Mabs iLcmberg et ai , 1^4. Green et ai , 1994, Fishwiid et al , 1996), 
Xenomouse II generated Mabs to aii human antigens tested to date Xenomouse II strains mounted 
a strong human antibody resocnse to cifTerem human antigens, presented either as soluble orotems 
or expressed on the surfaces of ceils immunization with each of the three human antigens tested 
yielded a pane: of 10-25 antigemsoecmc human IuG : k Mar-s For each antigen, a set of antibodies 
with affinities in the range of iO'-lu 1 " M"' was obtained Several measures were taken to confirm tnat 
the affinity values represent univalent binding -unet::^ rather than aviditv: BIAcore assays with intact 
antibodies were earned out with sensor chips coated at low antigen density to minimize the 
probability of bivalent binding, for two antibodies, the assav was repeated with monovalent Fab 
fragments, some of the antibodies were also tested bv solution radioimmunoassay From the results 
of these measurements, we conclude tnat antibodies with affinities ;n the range of 10 u: M" : are readily 
attainable with the XenoMouse The affinity vaiues obtained rcr XenoMouse-denvea antibodies are 
the highest to De reported for human antibodies against human antigens produced from either 
engineered mice iLonberg et ai.. Fishwiid et a: , or thorn combinatorial libraries (A : aughan et 

ai., 1996) These hich affinities combined with the extensive ammo acid substitution as a result of 
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somatic mutation in the V aenes cormrms that the mechanism of amnity maturation is intact in 
Xenomouse II and comparable to that m wiidtvpe mice 

These results show that the large antibody repertoire on the human Ig YACs is being properly 
exploited bv the mouse machinery for antibody diversification and selection, and, due to the lack of 
immunoloEcai tolerance to human proteins, can yield high affinity antibodies against any antigen of 
interest, including human antigens The facility with which antibodies to human antigens can be 
generated bv the human immunoglobulin genes in these mice provides further confirmation that self 
tolerance at the B-celi level is acquired and not inherited. 

The ability to generate high affinity fully human antibodies to human antigens has obvious 
nractical implications Fullv human antibodies are expected to minimize the immunogenic and allergic 
responses intrinsic to mouse or mouse-denvanzed Mabs and thus to increase the efficacy and safety 
of the administered antibodies Xenomouse II offers the opportunity of providing a substantial 
advantaee in the treatment of chronic and recurring human diseases, such as inflammation, 
autoimmunity, and cancer, which require repeated antibody administrations. The rapidity and 
reoroduobiiitv with which XenoMouse II yields a panel of fully human high affinity antibodies 
indicates the potential advance it offers over other technologies for human antibody production. For 
example, in contrast to phase display, which requires intensive efforts to enhance the amnity of many 
of its derived antibodies and yields single chain Fvs or Fabs, Xenomouse II antibodies are high affinity 
fully intact immunoglobulins which can be produced from hybndomas without further engineering. 

The strategy described here for creation of an authentic human humoral immune system in 
mice can be applied towards humamzation of other multi-gene loci, such as the T cell receptor or the 
major histocompatibility complex, that govern other compartments of the mouse immune system 
(Jakobovits, 1994) Such mice would be valuable for elucidating the structure-function relationships 
of the human loci and their involvement in the evolution of the immune system. 
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' y I • 



* 1 — Ni "-■>- 



irO^. rNOr: 0; iA;<AG . hrLlSTiCS 



NO'. II Y bare "a:;s 



. r - J :_ rMj::eia ac:c 
STRAND EE> NESS Minci< 



.- V ( 



WO 98/24893 
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■:vj ORIGINAL SOURCE. 

■ ki) SLjUENCI 7ESCFJPTION SEQ 03 NO i: 
r.T,\,"T;,.TAr, rT-'TAT r 

.;:) intormation for seq id no- i 4 
■v, sequence characteristics 

''A) LENGTH. 17 base pairs 
t"Bs TYPE: nucleic acici 
[C> STRAND ED NTS SS single 
iEi ) TOPOLOGY linear 

(a) MOLECULE TYPE. cDNA 
in:) HYPOTHETICAL: NO 

(ivi antisense no 

(vi FRAGMENT TYPE 
(vi i OFJGINAL SOURCE: 

An SEQUENCE DESCRIPTION SEQ ID NO K 

ACTACTACTA CTACGGT 1 7 

■ T ; INFORMATION FOR SEQ ID NO: 15 

(i: SEQUENCE CHARACTERISTICS 
■; Ai LENGTH: U rase pairs 
'BiT'rTE nucleic ac:d 
! C ST RA- D) ED NT: S 5 sin g t e 
■■D' TOPOLOGY iunear 

(;: » MOLECULE TYPE. :DNA 
0;:.) HYPOTI-ETICAL. NO 
(iv) ANTISENSE: NO 
(v: FRAGMENT T'rTE. 
(v;) ORIGINAL SOURCE 

(xi) SEQUENCE DESCRIPTION: SEQ 3D NO 15: 

TTACTGTOZG AG At 2- M 

.2: REFORMATION FOR SEQ ID NO 16 

(i SEOLTNCE CHARACTERISTICS 
(A) LENGTH 10 case pairs 
(H' 1 T*:TE nucieiw acid 
(C: STFUGIDEDNTISS: :incie 
(Di TOPOLOGY linear 

in ■ I AC-'. ECLXE TYPE. :DNA 

KY7C7TIETICAL: N'O 
(T\ ) ANTISENSE. NO 
( v F RA G ME I ' IT T YP E . 
( v i ) ' j PC G R I AL S C UR C E . 



WO ^S'24S93 



VCJ l'S l »" 230 l M 



■ » '<■ ' •> - ' V 



H 1 f base dz'ss 



■3) 



l leng" 

. > ... v - i-> • | inn 

* x * >i JLiWlU UL4U 

STRANT'EDNESS sir.ci 



in MGLEIYLE TYPE c^'NA 



1 1 1 1 1 



'ICAL. N 1 



i iv.) ANT.'fENSE. no 
iv: FRAGMENT TYPE, 
i vi) ORlGrNAO SOLACE 

;x:; SEO'FENCE EESCRIPOON SEO IE 
■0; M-'OFAtATiON PGR SEQ ED NO ;S 



NO 



{ r\ ) Ln.-i - ^- . r: : :> " are sairj 



- r "R:s7:' 



c 



MO STPANDEDN— :y su^e 
■;T ■ TOPOLOGY Lr^ar 

Uii MOLE TOTE T''7E. cDNA 
(in; HYPOTHETICAL: NC 

C:v) anttsense. no 

(V) FRAG.V2INT TYPE 
f'vi) ORLGINAL SC'JRCE 

;xj) SLOO'ENOE OEO:RPT:ON SEQ C NC LS 

TTACT'j . ^'L'-j AuAuA 

- ID NO 19 



(2) INFC> 


"1 \ f A ~ T 


: for je 


( n SE0'."E 


NOE CI 




,' ^ T 77 x * " 


, ■ K- . ^ ^ 
« * < i 


: a; e pairs 




' 1 1~ 1 f-* ' r 


ac:c 






."E^.S single 


CD) T TPC 


* ^ ■"""> T ' 

.. ■ l| . V 


i li ear 


n i MCLEC 







■: in; :L:TOTHET;C ■O, NO 
Ov) AOG'ISLNLE. NO 
'.v'i F :0A ONE N'T TYPE. 

vi. ^.;g:nal iOLT.CE 

■xi! SEQCENCE OFSOR7T:ON SEO :0 N: 



WO 98/24893 
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GA I A7T7TGA C7GG7 i 5 

■ 2) :NTORMA7iON FOR SEQ ID NO. 20 

Y:- SE .>LT:NCE CrLARAC7E?JS7!CS 
(Ai LENG7H: 16 oase pairs 
(Y:i 7'rTE: nucieic acid 
(C; STFANTQEDNESS single 
(D ■ TOPOLOGY linear 

- n i MOLECULE 7 YPE. cDNA 
: in HYPOTHETICAL: NO 
iivj ANTISENSE: NO 
( v ) ERA G u IE NT T Y? E : 
:vn ORIGINAL SOURCE 

(xi) SEQUENCE DESCRIPTION. SEQ ID NO:20: 

CTACTACTAC TACGG7 16 

i 2! PTORNlAYiON FOR SEQ D NO-2I 

d) SEQUENCE CHARACTERISTICS: 
i A 1 LEN'GTH. 1 5 base pairs 

i 

(B:TYPE nucie:c acid 

( C ■ S 7 RAND E D NE S S 3 -ji gi e 

(D: TOPOLOGY- linear 

(:i'< MOLECULE 7'rTE: cDNA 
(in) HYPOTHETICAL: NO 
(iv : ANTISENSE NO 

(V fragment ~y?e. 

(vi: ORIGINAL SOLACE. 

(■Yi SEQUENCE DESCRIPTION SEQ ED NO.21. 

TTACTGTOC J AG AG A 15 

; 2 - IN70RMATI0N FOR SEQ ID NO:22. 

(:; SEQUENCE C FLAP A CTERJSTICS 
■ A j LENGT! I: t 5 ba.se pairs 
; 3) 7':TE nucleic ac;d 
'Gi 3TRAN7/EDNESS. nngie 
D; TOPOLOGY linear 

(11) MOLECULE TYPE. cDNA 
(:ii) HYPO THETICAL. NO 
(:v) ANTISENSE: NO 

(;o fragment t^te 

(vi) original source 

ixu SENTENCE DESCRIPTION SEQ ID NO 22. 
1 77 i j A.C7A 27 GGGGC 15 



-61- 



WO 1 >S 24S*>3 



PCT I'S^" 230^1 



i^-c pair: 



: OGTG': '.licit 



, i . * . ^ . .... ._. ^ i.-. ~- 



2A1. NO 

:v. \nt:sense no 

v: FRAGMENT TYPE 
vi; OR:0^iAi SOTRCE 



TTACTG . OCG A GAG A 



2; i: 



NO 2-1 



seoptnce c;l-.racter:st:cs 



> :-ase nans 



13 - TYPn nueieic acid 

0' S7RA2" OEE 1 ' TT 3 smeie 



L- i nr. ear 



MCLEIYLE TYF 
I'll], POT .'TP2ETP2.A 

■■IV) anttense no 

■'.Vi FRAG .VENT TYPE 
■■ v; i ORIGINAL S<; LTP22 



GN'A 



i i 



CPGFTTN SPOT NO 



ACTA 



' 1 . t i 1 

i /\\^ I > \ _ * jt J 1 



18 



- ; . Hi* r.vA 



I i \ •■ ( J iy s. — i 



no : 



' ■ * * - * ^ 1 X ' H 



SEOOENCE G 2- J 
i A) LENGTH i 2 \\\ze pans 
<"B) TYPO HLieieic ac;d 

iOST-.ANDEDr:r;-.s single 

TP TOP'. -LOGY ;ir.^ar 



MOLE .ATI 
mi) r I YT 0 7HETICAL. NO 

yv) antipense. no 

■v) FRAGMENT TYPE 
''vi! ORIGINAL SGOPCE 



lDNA 



'act or • : 



WO 98/24803 



PCFUS9~/2309l 



(i. SEQUENCE C HARA C T E F2 5 T I C S 
\ A j LENGTH !6 base pairs 

TYPE nucic:c acid 
(C) STRANDED: JESS, smgie 
i '.tOl-ju : linear 

fn)MOLECYLE TYPE cDNA 
iiu: HYPOTHETICAL. NO 

(iv: a!t:sense no 

{ vj FRAGMENT TYPE, 
(v:; ORIGINAL SOURCE 

( a. SEQUENCE DESCRIPTION: SEQ ID NO. 26 
TAT \GC AG TG GCTGGT 1 6 

( 2 i INTOFJvlATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

■ A , LE ^ * G 77 I . 16 b ase p airs 
13 j TYPE n [ jcle:c acid 

;Ci STRANDED NESS: single 

■ D; TOPOLOGY imear 

(::: MOLECULE TYPE :DNA 
Mil) HYPOTHETICAL: NO 
f iv ) ANTI3ENSE: N'O 
i vj FRAGMENT TYPE: 
ivn ORIGINAL SOURCE 

(mi SEQUENCE DESCRIPTION SEQ ID NO:27 

CTTTGACTAC TGGGGO 16 

[2: II /FORMATION FOR SEC ID N0 28 

('. SEOYENCE CHARACTERISTICS 
: A i LENGTH 14 na.se pairs 
:3i TYPE, nucieic acid 
:C; STRANTDEDNESS: single 

■:D; TOPOLOGY: ^ car 

(ii) MOLECULE T':T'E: :DNA 
HY'YHIEETIC AL. NO 

(iv. antisf.nse: NO 

('. ) FRAGMENT T':TE. 
AnOR;GP,ALSOfjRCE: 

t>:i SEQUENCE DESCFJPTION SEQ D NO 23 

TAT7W 27 77 G 7GA\ ■ ^ 

;2) P:F0P\L\7I0N FOP SEC" ID NO 29 
Y SEOYENCE CHAFAC7ERIS7: ZS 



-Hi- 



WO QS :48°3 



PCT 230^1 



S . r AO i i: . 1 N ~ ^ ^ 



k * Y 



ANT TENSE NO 
rR.AC-.Mi: NT T':7'E 

■ orttnat otltri 



v ■ - . ^ , 



] ACT AC O.RjG GC 



C; INFORMATION FOR SEQ ID NO 30 



ENOE TALAELACATRiST'CS 

E' TYRE r.uclcr.c acic 

C; STEGGT'EDNESS sir.r-e 

'0'' T A RCLOG Y linear 



(in MOLECATE TYRE 



ON A 



\ it, I i i i . . 



:vi AN"!.T:oE. NO 
!, v i r R A G '■• 'QZ N T ~ AT' E 
■' v ; j A 1 K. i . . -< A ' . 1 w 'w ~ 



x: AOG'FOTE ETOAFT 



toiatoan for sec id no 



5E0OENCF CI CAR AC 7EFCS7ICS 



TO . YEE r.udeic ac: J 

(C) STRAOTJEDNTTS s;ng;e 

i'D- ~0 OOLOGY linear 

:'n) MOLECULE T 'rT E cDNA 
mi; HYFCTFIETIC AvI. NO 
:;vi ANTISEN5E. NO 
A'i FRAGMENT TATE 

■:vi. orige:al s: at.ce. 



x: SECN.TNCE DE5 ARE TON SEQ E) NT 



J t 



~ 1 , , 



^^Nu i 1 1- na^e pairs 
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(3) TYPE. ni:c:^:c acic 

rZ) STRAC^ED^ESO sir.eis 

O) T ' )POL0G Y .mear 

tin MOLECULE TYPE cDNA 

cm, h v ?' y:het:cal NO 

(iv; ANTiSENSE NO 
(v; FRAGMENT TYPE 

(vi) original source 

( xi) SFOOENCE DESCRIPTION SEQ ID NO 32 

C7TTG ACT AC TGCGGC 1 6 

( 2 i IN70RMATI0N FOR SEQ ID NO;33. 

.■i) SEQUENCE CHARACTERISTICS 

fB; TYPE nucleic acid 

(C: STRYOjDEDNTESS single 

(D) TOPOLOGY linear 

Ui) MOLECLT.E TYPE. cDNA 
(in) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) F?j\G\ENTTY?E. 
(vn ORiGINAL SOURCE. 

(■<ii SEOETIN'CE DESCRIPTION SEQ ID NO 33: 

TTACTGTGCG AGAOA 1 5 

i2) yoorliat:on for seq id nog4 

(0 SEQUENCE CHARACTERISTICS. 
I A ) LEI jGTH I 3 base pairs 
■'r-.' TYPE rtuclc:: acid 
\C i . STRANDED NESS: smeie 
■SD> TOPOLOGY linear 

(:i) MOLECULE TYPE. cDNA 
mi) HYPOTHETICAL. NO 
(iv) AIUISENSE: NO 
iv) FRAGMENT TYPE: 
<y\) ORIGINAL SO r JRCE. 

(>a) SEQUENCE DESCRIPTION SEQ ID NO 3J 

ATGCCTTOAT ATCTGGC" } 18 

C) :nn yOv!at: .0; for seq :d no 35 

(Y; SEQUENCE CHARACTERISTICS 
' A j LENGTH. IS oase pairs 
i'ET; TYPE, nucleic acid 



WO 98/24893 



PCT/US9T23091 



i u : . jr'.'L Ju r linear 

rii j Mf'DECYl r ~YPE cDNA 
(in i HYPOTHE l'iCAL NO 

(iv: antisense no 

(vi FRAGMENT TY^E. 
(V!) ORIGINAL SOURCE 

( 'j ) SEQUENCE DESCRIPTION SEQ ID NO. 38 

uGACu . i ll^u <_CAA 

■ 2) INTORNLATiON FOR SEQ ID NOG9 

(ii SEQUENCE CHARACTERISTICS, 
i A) LENGTH ! 7 base pairs 
iBjTYFE nucleic acid 
' C: STRANT^EDNTiSS smnie 
iD; TOPOLOGY linear 

in MOLECULE TYPE cDNA 
an ) HYPOTHETICAL: NO 
i iv) ANTISENSE: NO 
i vi FRAGMENT TYPE, 
(vi) ORIGINAL SOURCE 

(x;) SEQUENCE DESCRIPTION SEQ \D NO. 39' 

AAGTATAACA GTGCCCC 

i 2) REFORMATION FOR SEQ [D NO-4C. 

(0 SEQUENCE CHARACTERISTICS 
f Ai LENGTH 16 oase pairs 
i'E - TYPE r.Lc;e:c ac:d 
iC: STF.ANDEDNESS smgic 
(Dm TOPOLOGY :mear 

(a) MOLECULE TYPE. cDNA 
(hi j HYPOTHETICAL NO 
(iv ANTISENSE. NO 
(v)FRV^MENTTY?E 
(vp ORIGINAL SOURCE 

(xi ■ SEQUENCE E'ESCRZPTIO N SEQ ID NO 40 

A T"T~ i ! I 1 '■•T — — > . . — /-i T 

■ U !: L"\'FCLATi'-''N FOR SEC) ID NO 4 ; 



(i; :EOYENCE CPLARAN.TERISTICS 
: A) LEI iOTH : S < ase pair:"; 
i ~) 7 YiTv r..:cieic acid 
(CO STF/1 FDEDNESS. single 
fD' 1 ' TOrL'L J'GY linear 



- 0 



WO os 24S ( >3 



per rs i »" :jo l m 



. » J . I ."' ..1 w ■ ^ •' *. 

V: 0 07 7 1 - 3. 3 7777 L 

^ i c ;: {) * ■ t: ^ ; ^ ^ ^7 333 :vT T I ■ N c : : 1 ' 7 v ■ -1 
AC/v..; * .\ . u.\ i 3\A\ . ■,_ . 

rv ,AV~ A7,lA3777* 307 SEQ 73 NO 4" 

\.\) 3ENG77. 1"> pajrs 

fC'i S7RANDEDNESS: :mgie 
(D) TOPOLOGY Imca: 

in mo 373777 "rY?::. cDNA 

K :TC"P£T!<:aL NO 
■ iv) ANTI^LNSE NO 
iv. FRAGNSN7 7Y?r.. 
(vi) ORIGINS SOO'RGE 

-xi) se ::" : n:h le^grtpeion 377 73 no 4: 
gctc-\cttt:' ggcega 

i :; :neorma737n ror seq ee no 43 

f 3; 5 HO 7EN0E C7 AJxAG7ER3S7IGS 
(Ay 7ENG7?: 15 :?asc pars 
70 T'rTE H4c:e;j acid 

73'; 7 7? 77 C 1 1 0 Y ,i;ie.ir 

'.in HYROG'TEYILA^ NO 
(iv; AN7ISEN7E. NO 
(v) FRAGivCEN7 717 

(vi: ORIGINAL SGOROE 

fx: ' SE07E3JOE 0E3 ER3P773N SEQ ID NO 43 

AAA 033 37! AA7 AG77AC 30 

7 ; 77"0;0v:a7I'7N 337. SE7 73' NO 44 

(\) 3EC7ENGE G7LAl-\7'~ERI SOILS 
'A; 7RNG73: !6 nasc r-.rs 

n . ' HI- T /-> ' . <- ') :^ ' /* 

' \ i' ' >-- f I I ' 1 | J V ' ! T1 ^ 

1 ( f". ' 'T ■ t '7 — ** *. " , r _ V ' * 



IS 



- 08 - 
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; 1 1 1 ; H YT O THi: T I C AL v i C 
i'iv :. A. v T 1 5 EN S E . N O 
;v; FRAGMENT TYPE, 
r vi j ORIGINAL SOURCE. 



SEQ ID NO 44 



GATCACCTTC GGCCAA 



16 



■. 2) INTORViATION FOR SEQ ED NO:45 

:i; SEQUENCE CHARACTERISTICS. 

■ A) LENGTH. 1 7 base pairs 
■.'3 i TYPE nucleic acid 

,-C: STRANDEDrfESS. single 
iD i TOPOLOGY linear 

(in) HYPOTHETICAL. NO 

(iv) ant:sense. no 

(v i FRAGMENT TYPE, 
(vi) ORIGINAL SOURCE. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 4>. 

CAGCATAATA GTTACCC 17 

■ 2) INTO FA LOTION FOR SEO rD NO. 46 

(i) SEQUENCE CHARACTERISTICS. 
( A ) L E ! JG TH 1 6 oase airs 
{ ) i i .'' nucleic aciij 
(C) S'FAN'DEDNESS single 
CD) TOPOLOGY imear 

(iu MOLECULE TYPE. ;DNA 
(m ! HYPOTI-IETIC AL NO 

(iv antisense. no 

(v) FRAGMENT TYPE: 
(vi: ORIGINAL SOURCE 

Cxj; SEQUENCE DESCFLPTION. SEQ ID N046 

ATTCAC~TC GGCCC" 16 

Q2; RT0RNL\T:ON FOR SEQ ID NO 4" 

CO SEvL^NCE CHARACTERISTICS 
( A ) LE? <GTH 1 6 base pairs 



c'C'i STFAIOEDNESS -ingle 
'D'"; TODLOGY linear 




f'ii ) MOLECULE TYPE :LNA 
(S) HYPOTHETICAL. NO 
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:•. AA'YSENSE N 
























.2; R^FCOC-iACON EOF 5EQ d no -;s 






•\ \ SEv'TEN'CE. CKaRaC~ERIS7ICS 






i A ) L E . v « G 7 H . A ■ o a:-.c r airs 






(ET) TYPE. nucicr:c acid 






(C) S7Ra:GjEEOG-:SS s-jiEie 






fD) TOPOi.-jGV iir.ear 






MOLGC'YEE 7 V ?E. cDNA 






i:iijHY?OT;-ET:-:AL: NO 






(iv) ANYiSENEE NO 






,vj FRAG N CENT 7Y?E 






ivd ORIGINAL SOURCE 






[xi) SEC - EN'CE EESCFLPTION SEQ ID NO -48 






G C T C A C 77 S O- G C 0 G \ 


15 




(2) INFOFS.IAGA'N FOR SEQ E2 NO ^9 












(A) LENGTH I 1 ?' 'rase pa.:.; 












III 77> . . _- tJ - t ._' _ ^ - ■ ^ . ; S> d I C 






(D 1 TOPOL JG Y iL-.car 






i u) MOLECY1E TYPE ■; DNA 






(in) HYPOTHETICAL NO 






; iv) ANTISENSE. ' <C 






iv; FRAGMENT 7YPE. 






fvi) original so yerge. 






(xi) SENTENCE EPSCR77I0N. SEQ ID NO 49 






CAGTA70G7A GC TCaC 17 C 


19 




INFORMATT '<N FCR SEQ ID NO 50 






ii) SEOYENCE characteristics 






\ A) LENGTH: 0 baie pairs 






G3 ; TYPE: nucieic acti: 






(C; S'TRAND-EDNTIS;: . ^ndc 






(D ' TOr C'LO'G Y' .\TrZ2S 






T T , ^ ,-\"*-- " "t,- , f v 






-'iv; ANTISENSE N'O 













WO 98/24893 



vi FRAGMENT TYPE 

v;. ofgg:nal source 



cu SEQUENCE DESCRIPTION SEQ ID N0:5O 

CACTTTTGGCCAG 

O; INFORMATION FOR SEQ ED NO 51 

n; SEQUENCE CHARACTERISTICS 
(A) LENGTH. 20 ammo acids 
i'3'i TYPE amino ac:d 
(C- STRANDEDNESS single 
0 ) TOPOLOGY linear 

(in MOLECULE TYPE: pcpude 
fir.) HYPOTHETICAL: NO 

{ W) A: - I loC. <^n. . 

(v;. FRAGMENT TYPE: internal 
!Vi)OFLGR<AL SOURCE. 

(:<:) SEQ r UENCE DESCRIPTION. SEO IP NOG! 

Ala Ser Thr Lm> Glv Pro Ser Vai Phe Pro Leu Ala Pro Cys Ser Arc 



-7) INFORMATION FOR SEQ ID NO 52. 

(i; SEQUENCE CHARACTERISTICS 
;'Ai LE: v jGT:P 3C 1 amino acias 
{3 1 TYPE ammo acid 
•A.- STRAOTjEDNESS single 
(Di TOPOLOGY: imear 

uu MOLECULE T\?E. rcptiae 
inn HYPOTHETICAL. NO 
(iv) ANTISENSE. NO 
(vi FRAGMENT TYPE, uucmai 
(vi i ORIGINAL SOURCE 

Gu; SEQUENCE DESCRIPTION SEQ EC- NO 52. 
Leu Ser Leu Thr Lvs AJa Val Tvr Giv Giv Ser Phe Ser Giv Tvr Tvt 



GIu lie A.m Pus /Or Glv Ser : hr Asn Tvt Am Frc Ser Leu Lvs Ser 



15 





Pre Giv Lvs Giv Leu Giu Trp lie Giv 

■-s ^ 





WO :4S<>3 



P(T l'S9" 230° I 



. ■¥-. ' T ^ ' f * 



i! ! MC'LECGELE 7": ; J E "ectiue 

k':?C7:-et:cal no 
an7;sense. no 

v > FRAGMENT 7*707 
vn CRJGINAL SOORCE 



xi) SEQUENCE DESCRIPTION SHQ 0) NO 53 



Leu Ser Leu Ihr Cvs Ala Vai Tvr Giv Giv Scr Fhe Scr Giv , vr T\t 



Ser TrrOie -\iz 0 



10 

k 4 * i i 



Gin He Asn Gji Scr Giv Se: 



Pro Giv Lvs Giv Leu Giu Trp !le Giv 
Thr Asn Tvr Asn Pro Scr Leu Lvs Scr 



1 < 



Au~g Vai Lc lie Es 
50 55 
Leu Ser Scr Vai Thr 
65 70 
'■—j* 1 u i nr 1 , ij r'ti j *""v.i ti 
S5 



ie Ajd Lhr Ser Lvs . hr Gin Phe ^cr Leu Lvs 



'via Asp hr A a Vai 1 vr Tvr Cvs Ala Are 
~5 80 

•iv GLi Giv Thr \'et Vai Thr 



1 ' 



aj ier icr A 

Cvs Scr Arc Ser Thr 'Eer Thr 
i 15 



1 1 



i.v/i 'J,v.vU . rU:^ .0 .n(J :« 



(A) L. , ;:"'<u. r! i EC arrurio acids 
OB) TYPE, ajrur.o acid 
>C) STRAGOE'EE'NES.E smgie 

:" r )) T '"jT, V !,opfj- 



mm MGLECLOr. T^TF: pepude 
mi! KYPOTrLETICAL. NO 
(iv 1 ALCNSENSL NO 
iv - FRAGMENT T\TE 
! v: . OFEGENAL h-O'ORCE 



'^j SEG'L^NGE L'tiSCFGP TiON SEQ IE- NO 54 



er r >cr . \t : \t 



S vjlV 



bcr 



's s /cr 
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Are "■'a; Ser Le Ser Va: A:;c Thr Ser U\s Asn Gin Phe Scr Leu TTx 

5 0 - 5 60 

Leu Ser Scr VaJ 7nr A^a Aia Asp Thr A. a Vii Tvr Tvr Cvs .Ala Arg 
^ 70 7 5 8C 

Giv Gly Aia Va. AJa Ala Phe Asp Tyr Trp Gly Gin Gly Thr Leu Vai 

85 J 0 95 

Thr Val Scr Ser .Via Ser Thr Lys Gly Pro Ser Vai Phc Pro Leu AJa 

!0<": 105 MO 

Pro Cvs Scr Ar*; Scr Thr Ser Thr 
M5 * 120 

;2 ) D^OICMATION FOR SEQ ID NC:55 

(i . SEQUENCE CHARACTERISTICS 
' Ai LENGTH: 84 ammo acids 
(B ) TYPE amino ac:d 
( C ) S7FANOEDNESS: singie 
- 0 T 0 POL 0 G Y . ; mear 

! i:j MOLECl.TE TYPE: peptide 
(in) KYTOTHETICAL: NC 1 
(iv) ANTISENSE: NO 
(vt FRAGMENT T':TE: eternal 
(vi) OPJGCLAL SOURCE. 

(V) SEQUENCE DESCRIPTION: SEQ ID NO:55 

Ser PLs His Leu Lys lie Scr Cys Lys Gly Ser Gly Tyr Ser Phe Thr 

i 5 ;o 15 

Ser T-.t Trp Le C\v To? \ A Arg Gx Mel Pro Gly Lys Gly Leu Glu 

20 ' 2: 30 

Trp Me; Giv lie lie Tvr p-:- Giv Asp Ser Asp Thr .Arg Tyr Ser Pro 

55 40 4 5 

Ser Phe Gin Gi\ 'Sin rhr lie Ser Ala Asp Lys Scr He Ser Thr 

50 5 5 60 

Ala Tvr Leu Gx Trp Ser zzr Leu Lys Ala Scr Asp Thr .Ala Me: Tyr 
65 T5 SO 

Tvt Cvs AJa Arc 



■2; INFORMATION FOR SEQ ED NO 56 

(]■ SEQUENCE CHARACTERISTICS 
( A LE: iGTH. 1 2 ! amino ac:ds 
(FN TYPE, amino ucic: 
( 0. ST RAJ POEDNTE SS single 
I' D ' TOPOLOG Y "; ir.ear 

(id MO LET UL E TOTE peptide 
; ;u) H\ T GO'NLGTL.. A:. NC ; 
(iv) ANTISENSE NO 
<v) FRAGMENT TYPE, ir/err.ai 



I vi i 



TLGLN.AL SOURCE 



/xi) SEQUENCE DESCRIPTION- SEQ ID NO 5c 



W() 9S '24893 



P(T l'S u " -30 f M 



a> r, 



„eu u 



t be: 



85 



^ :iv be* 



ie -JT 



ai Ihr Yai be: be: A- a 5er Thr ; v: GO ",v — -> ' 



ua Fro iv3 Sc: Are be: ; hr be: 
115 120 



:nf :gl\iat 



1 ' T— ,-. 



'A, LENGTH S3 irrj.no ac:b: 
i.'B'i T'r'PE arr^r.o ac:c 



bb i :bS 



nT'EDntiss 



1 » 4 „ 1_ _ 



N 



'.in, HVPOTHETICA 
:iv) AN~:5EN:E. no 

; v) fragment 7y?e. ::. 
orllona^ sogrge 



- X S SEQ lu NO 5 



A'E be: 



, \t Giv ,vlc: FLs Trr 



~s : rr Aaa --.r^ i^n Ala to 



> '-iv t .ys l;;v o:u i rp 



Val Ala We be: 



■.:r. ; .7 : '.7 Aia .-\sr Se; 



"is 



Vai Lys G\\ Asz ?'m 

50 55 
Tvr Leu G\r. Me: A:n Se: Lc: 



hr He 3c Aru A.-p A^n be: Lvs Asr. Thr Le'j 



0= ' 



vs A. a A" 



^ OP 5 EG IE NO R* 



V) seqi-'ence g:lrp:agter!st;gs 

. ^ ■. t r~ v • ^ *t" * i ^ -«. 

.- \ , : ri . ^.^ amino aa, 



C STP:A^OFr) K FESb -m; 

"D .■ 'OP or oov 



< .n - T 1 1 n ^ > " 



WO 98/24893 
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<iiii HYPOTHETICAL. NO 
iivj ANTIoENSE- NO 
:\ , FRAGNfEN' 1 ' ~T?E Lmemal 
i\v, ( j PJ G 1 N AL S ■ 3 OP. C E 

f ai) SEQUENCE DESCRPTION SEQ ID N008 

A r g Scr Leu A* a Leu Ser Cys Ada Ala Scr GIv Phe Tor Phe Ser Scr 

] 5 " 10 15 

Tyr Glv Met Kjs Trp Xaa Are Gin AJa Pro GIv Lys Giv Leu Glu Trp 

20 25 30 

Val Ala Ok: He Ser Tyr Asp Glv Ser Asn Lvs Tvt Tvt Vai Asp Ser 

35 40 45 

Vai Lv:; OK Arg Leu Thr lie Ser Arc Asp Asn Ser Lvs Asn Thr Leu 

50 55 60 

Tvt Leu Gin Met Asn Ser Leu Arg .AJa Glu Asp Thr Ala Val Tyr Tyr 
65 70 75 80 

n,.<- ai., r -. a ,s rr, I ^. . Tio 0Uo a f.^ Tit t,-^ n\- r:;„ to,, 

85 9'' 95 

Leu Vai Thr Val Ser Ser A:a Ser Thr Lvs Giy Pro Ser Vai Phe Pro 

it)') 105 11C 

Leu AJ2 Pre Cv: Ser Arg Ser Thr Ser Thr 
115 120 ^ 

(2) L /FORMATION FOR SEQ ID NO 59 

(i) SEQUENCE CHARACTERISTICS 
(A) LENGTH. 1 7 jirno acids 
(B 1 TYPE amino ac:c! 
(C STRANDEDNESS single 
(D i TOPOLOGY linear 

On MOLECULE TYPE: peptide 
iiiDH^T'OTFIETICAL NO 
(ivi A NT I SENSE. NO 
(v) FFLAGMENT TYPE: internal 
(vi'i OFIGFNAL SOUP: :e 

(x:; SEQUENCE DESCRIPTION SEQ ID NO:59 

A r g Thr Val Aij AJa Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu 

1 5 10 15 

Gin 



(_■. INi ORNLATION PC R SEQ' LO NO u 

(\) SEQUENCE CPLA-LACTEFJSTICS. 
CAP, LENGTH. 7: ammo ac.es 
0? ) 7 YP E ammo ac : d 
(C) S"T^ANE'EDNESo iingie 
i l 1 TOF 0LOG Y linear 



( w i hvJLz 'JJLz, : rr" peptide 
cm HYPOTHETICAL. NO 



W 0 24S ( >3 



I*CT 230° 1 



Y v - ■ ■ i 




t^g * i 1 . . 1 g gi „ 




1 ^ ■ s ^ 








• 1 r* G I '> s 

* J> * * . K i 4^ 








Asn 




T'-t Gin GP: ^.vs 


P~0 j:v 1 






Pe T;.t . 


\sp 


Ah 


Ser A sr. P.eu Glu 


Thr Giv 


^ h 

. a. rrc e.er .-u~r; ; J 


he Se 


r ii,v icr 


UlV 


Ser 




40 


45 










G!v Thr Asr Pre 


Thr Phe 




- Glr. 


Pro Giu 


Asrj 




50 5 




01' 










.Ala Thr T\t 7 vt 1 


2vs Gin C 


;ir. Asn Asn Leu F 











65 70 "5 

g i rggdrmaoion pgr seq id no 
seqltgtge :flaracter:st:cs 

i A"; LENGTH 004 arrur.o aces 

OB) TYPE, ammo ac:d 

:'C; STRGGOEGNGSS .iir.eie 



u ) 



i I Y I j 4 3- % .tut 



f.n) MGPzGIJL^ G:'?E peptide 

. 1 1 1 ; n T . 1 . ^ i !■„ . . ^ J 

(vi) ORIGINAL 5 0 GRCE 

;.\:) SENTENCE OESGFLP.GON 5EQ LD NO G. 

Thr lie Thr (As 0} ,n Ala Ser Gin As: lie Scr Lvs Phc Leu Scr Trp 

i 5 ! s if 

Phe Gin Gin Lvs Fro Oiv ._vs ,-Ga Pro Lvs Leu Leu Lc T vr Giv Thr 

Scr T\t Leu Glu Thr Giy '/ai Fro Scr Ser Phc Scr Glv Scr Giv Ser 

35 40 45 

Glv Thr Asp Pne Thr Leu Thr Scr Ser Leu Gin Pre G:u Asp Vai 
50 55 cC 

AJa Thr Tyr "he Cvs (}in Ci'.n Asp Asp Leu Pro Tvr Thr ?hc Giv Pro 
65 -5 30 

Giv Tnr Lvs Vai Asp ;i-e Lvs A- a Thr \'G Ais Pro Scr Val Phe 

S: 90 : G 

Hep he P ro P :c Ser Asr 1 G i u C; an 

! 00 

■ 2} G^GRN0\T: ON PGR SF.v PO NO c2 
, . vrrrvf: r w ~: ; \:: \ r~*r 



:n.snc ac;as 



G' stp agtdednt;::;.; 



WO 98/24893 



PO7US9-723091 



■;uj MOLECULE TYPE perjuce 
f : : : ) H ^; T ■ _ T HE T I C AL . N 0 

nv; ant^-ense. no 

i v) r :G\L:uLOn i I r Ph. internal 

;vi) ( 'Riginal source. 

SEOUENCE DESCRIPTION SEQ CD N062 

Thr He Thr CNs Gin Ala Ser Gin Asp lie Ser Asn Tvr Leu Asn Trp 
1 5 10 15 

Tyr Gin Gh Lvs Ala Glv Lys Ala Pro Lvs Val Leu lie Tvr /Via Ala 

20 25 30 

Ser Asn Leu G!u .Ala G!v Val Pro Ser Arg Phe Ser Gly Ser Glv Ser 

35 40 45 

Gly Thr Asn Phe Thr Phe Thr He Ser Ser Leu Gin Pro Glu Asp He 

50 55 60 

Ala Thr Tvr Tvr Cys His Glr. Asp Asn Leu Pro Leu Thr Phe Gly Gly 
65 N'. 75 80 

Gly Thr Lv:, Vai Giu lie Lvs .Arg Thr Val AJa Ala Pro Ser Val Phe 

S5 90 95 

He Phe Pm Pro Ser Asp Giu Gin 
100 

■2) FORMATION FOR SEQ ID NO:63 

(L SEOUENCE CIlAJGACTERISTlCS 
i A) LENGTH. 74 amino acids 
(3 i TYPE, amino acid 
(O: STRAJJDEDNESS sine:e 
T)i TOPOLOGY : linear 

(0 i ML'LECYLE TYPE: peptide 
(iu) HYPOTHETICAL NO 
(iv; ANTISENSE. NO 
(v) FRAGMENT TYPE: uiternal 
fvi) ORIGINAL SOURCE. 

(xi) SEQUENCE DE SCRIPT 10 N SEQ 03 NO:63 

Thr Cys Ar j AJa Ser Gin Ser He Ser Ser Tyr Leu Asn Trp Tvr Gin 
1 5 ! 0 ■ > 

Gin Lys D ro Giy Lys Ala Pro Lys Leu Leu He T\t .AJa .Ala Ser Ser 

20 25 30 

Leu Gin Ser Giv Val Pre Ser Arg Phe Ser Glv Ser Gly Ser Glv Thr 

35 40 45 

Asp Phe T:ir Le- Thr lie Ser Ser Leu Gin Pro Giu Asp Phe /Ala Thr 

50 5 5 60 

Tyr Tyr Cys Gir Gin Ser Tvt Ser Thr Pro 
65 7C 

(!) PT ORMATION FOR SEN LO NO 64 

m SEQUENUE CHARACTERISTICS 
A LENGTH Sc; ammo ac;as 
r 5) TYPE, ammo ac;d 



PCT I S 1 )" 230^1 





NO 6-i 



. hr Cvs Ar 2 -Via Ser -jin Ser lie ier Asn T\t L.eu Aasr 
Gin Lvs Pre Giv ~v;; Aia Pro Lvs 



: iv -A.J Ser Se: 



jo 



Leu Glu Ser Giv 
35 



to Ser .Ate r^he 
45 



er u;v ser Lr.v ber 



Asv Phe Thr Lea :hr iie Ser Ser Leu Gin Pro Giu Ass Phe AJa Thr 

50 5 5 6C 



; vT i VT V V ; 'v. j Si 

65 "C 
Thr Lvs Vji Glu 



_ Li 1 



INT0R.\1AT:0N FCR SEQ Z) NO 65 



SEOL.OA. E CKARAC . -RISTXS 
i A LENGTH SI amine ac;£5 
(3 t J r Pi:., ojtllt.o acic 
fCi STRAGOEDNESS --2ie 
■;"D; TCPOLCGV linear 



Mi) MOLECULE . LRE rep::;:£ 
mi * KY?C TLEfTLOAL. NO 
nv) ANTI5EN Sc. NO 

(v) FRAGMENT TYPE. :r.temai 

(vi) or:g:n'ag source 



(xO SEQLEN'C- I E5CPC? OON. SnQ ID NO c5 



sr. Cvs lV5 Ser .Ser Giii Ser Vai Leu : vr Ser Ser As:i Asn 



i nr lie .< 

j s 

O V 5 ^ * 1 t 1 ^ IW T\_# 3 



1 ^ 



3. 



u:v L'Li :to :tc ^vs 



- r. 



,~ua .S-e: 



scr 



_' r- r- 



Asr A. 



a > 



Phe Scr Giv Ser Giv Ser Giv T.vr \jc Phe 



50 



e be: Se: 



Leu Gin A>a Giu A^p Vui ALa '/a . \t . \7 Cvs GIt Gin . vr *"vr Scr 



) \ 



A 
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(ii SEQUENCE CPLAFLACTEFTSTHY 
I \) LENGTH. Q 4 amino ac:dr. 
.11) TYPE, amino acic 
■■ 'N STRANDED NTESS smgr; 

fn; MOLECULE TYPE: peptice 
(nw HYPOTHETICAL NO 
O'M ANTISENSE: NO 
(m FRAGMENT TYPE: uaLemai 
(u :OPJGrNAL SOURCE 

SEQUENCE DESCRIPTION: SEQ ID N'0'66 

Thr He Asn Cys Lys Set Ser Gin Ser Val Leu Tyr He Ser Asn Asn 
1 5 ' 10 15 

Lvs Asn Tvt Leu Ala Trp Tyr Gin Gin Lys Pro Gly GLn Ser Pro Lys 

20 15 'SO 

Leu Leu -ie "Tyr Trp Ala Ser Thr Arg Lys Ser Gly Val Pro Asp Arg 

35 40 45 

Phe Ser Giv Ser Glv be: Glv Thr A^p Phe Thr Leu Thr lie Ser Ser 

50 55 50 

Leu Gin /Via Giu Asp Val Ala Val Tst Tyr Cys Gin Gin Tyr Tyr Asp 
65 70 ' 75 ' 'SO' 

Thr Pro Ph.e Thr Phe Glv Pro Glv T\r Lys Val Asp He Lvs 
85 :; 0 

< 2; INFOPAtATION FOR SEQ ID NO 67 

■V; SEQUENCE CHARACTERISTICS 
■ A: LENGTH 20 ammo acids 
(3; TYPE: ammo ac:d 
rC- STFANT)EDNTSS ^;ncic 
CO'- TOPOLOGY, linear 

: u ) MOLECULE TYPE -epucc 

uv) antisense no 

i v) FRAGMENT TYPE: imemai 
[vY ORIGINAL SOURCE. 

(\r SEQUENCE DESCFJPTION SEO ID NO 67 

Ala Ser Thr Lvs GL Pro Ser \'ai Ph-: Fro L eu Ala Pro Cys Ser Arg 

i c :o 15 

Ser Tiir Ser Thr 

2C 

(2) ;NFOPNL\TK'N FOR SEQ ID NO 68 

^ IPQUENCE CILAF-ACTEFLSmCL 
C A ) LENGTH 76 ammo ac;c: 
:Ti TYPE, ammo ac:d 
i C > S'7RANCEDNESS ^xgie 
•CD) TCPOLOGY. linear 



POT l'S t5 ~ 23^1 



tisense 

G7NAL 



'^j Jt, ^ i * i ■ ^y- ■ 



Arc Glr. ri:s Fro Giv „vs v.; A' „eu Giu . rr lie Giv Nt lie Tvt Tvt 



■ 1 1 



Ser Glv Ser 3hr 7vr : vr Asn Pro Scr Leu ~vs Ser A: 2 Vai : nr i!e 



j 3 

Scr Vai 



1 0 



Ajc ; hr Scr „vs Asn Gin ?he Scr Leu Lvs Leu Scr Scr Vai 



50 55 oO 

Thr Aia Ala Asp Thr Ma Vai Tvt Tvt Cys Ala Arg 

65 ~G 75 



v 



NO :P- 



1; SEOL'ENCE CKAlG\GTEFJSTIGS 
1 A) LENGTH 1 . S arruru) acids 
■: EG 7YTE. arruno ac::i 



in) MGGEGGL^ TL "E peptics 
Gin HV? - jTHETIC AL NO 
■iv) ANTiSENSE NO 
■'vi FR A G- >-- J CE NT 7^7' E 

■■vi) or:gln.al sgot.ce 



w) SEQOENGE GES 



.G 



— — -< 



.G "n G ov 



Vai Scr G.\ Glv Ser lie As:; Scr 



rp ^cr , rp i!c 



Arc Gin ?-!:.■. Fro Giv Lv: G.v Leu A3" G 



I .-> ■ -r- 



30 



Ser Giv Scr Thr Tyr ; vt Asn Fro Ser Leu Lvs Scr Are Vai . hr Le 

35 40 45 

Ser Val Asn 3 hr Ser Lvs Asn Gir; Phe Phe Leu Lvs Leu Thr Ser Va; 



: hr .Via Aia Asp : hr Aia 'Vai 
65 o 



i T ~ l. vi .-via Are ^e- 



V ' i 



Asn Fro G;y Trp Phe A 

85 



si) r ro : rp vjiv uin Gw 



.en vai ; nr v a. 



90 



Ser Scr Aia Ser . hr Lv; Giv Pro Ser Va; Phe Pro Leu Aia Pre Cvs 



1 : > 



Ser Arc oer . ?j oer : r.r 



ri - 

- M 
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(A) LENGTH. 1 1 7 ammo acius 
(3) TYPE, ammo acid 

(C) STF^ANTjEDNcSS single 
CD) TOPOLOGY imear 

( 1 1 ) MOLECULE TYPE, peptide 
i in) HYPOTHETICAL. NO 
uv) ANTISENSE. no 
fv) FRAGMENT TYPE: internal 
( vO ORIGINAL SOURCE. 

(xi) SEQUENCE DESCFLPTION SEQ CD NO:70 

Val Ser Giv Gi> Ser He Asn Se: Gly Asp Tyr Tyr Trp Ser Trp He 
1 5 10 15 

Are Gin His Pro Gly Lys Giv Leu Giu Trp lie Gly Ser lie Tyr Tyr 

20 ' 25 30 

Ser Gly Air. Tar Phe Tyr Asn Pro Ser Leu Lys Ser Arg Val Tar He 

35 40 45 

Ser Leu A so Thr Ser Lvs Asn Gin Phe Ser Leu Lys Leu Ser Ser Val 

50 55 60 

Thr .Ala Ala Asp Thr .Ala Vai Cvs Tvt Cys Aia .Arg Asn lie Val Thr 
65 70 75 ' ' 80 

Thr Giv Aia Phe Asp He Trp Gly Gin Gly Thr Me: Val Thr Val Ser 

85 -K- 95 

Ser Aia Ser Thr Lvs Gi\ Pro Ser Val Phe Pro Leu .-Ma Pro Cys Ser 

;:jC ' 105 110 
.Arg Ser Thr Ser Thr 
^115 

(2) FORMATION POP. SEQ ID N0 71 

(t) SEQUENCE CHARACTERISTICS 
(Ai LENGTH: ! 16 ammc acids 
(B": TYPE: ammo ac:a 
(C - STPANDEDNESS: single 

(D) TOPOLOGY linear 

(u) MOLECULE TYPE, peptide 
(m) HYPOTHETICAL. NO 

(iv) ANTISENSE. NO 

(v) FRAGMENT TYPE internal 

(vi) GPJGINAL SOURCE 

fxj) SEQUENCE DESCRIPTION SEQ ID NO 71 

Val Ser Giv Giv Ser He Ser Ser GK Asp Tyr Tvt Trp Thr Trp lie 

Are Gin His p-o Gly Lvs Giv L.eu Giu Trp lie Giv Tvr lie Tvt T\t 

:C 25 30 

Ser Giv Am Tnr Tvt T>t Asn Pre jer Leu Lvs Ser Arc Vai Ser Met 

35 40 45 

Ser He Asp Thr Ser Giu Asn Gin Phe Ser Leu Lys Leu Ser Ser Vai 

■"O s" 5 60 

Thr /Via .-Via Asp Thr -Ala Val : yr : vt Lvs Ada Axz Lys Pro vai Tnr 

- 81 - 



WO 1 >S 24S93 



PCT l'> l J" 2300 1 



\ - 



S IE 0 1 'r.NCr. 
3) 



stplangerness 

TOPCL jG V hnea: 



,ii j MOLECGEE TYPE pertice 
,:;nHYPGTKETXAE. NO 

iv! antrsense. no 

v'j FRA.GMENT T YP! 
ORIGINAL 3CCRCE 



SEC- ED NC 



ai ber ui\ <.-iv ■:: : er ,^er Giv ier 'i \t ■ yt in: Ser . m ;i< 



Aj"c? Gin f^*- 1 - ; *- ~( 



* 1. , r . i 



Ser Giv 



:y Gil: 
30 



; nr ; j e 



Ser Val Asp : hi Ser Lys A;n Gin Phc Ser Ce- Lvs Lcl Ser Ser Vai 

60 

At A!;. VG T'.t ~\t Z'. s A 



-0 



i ) SE0GEr;CE CK-'w-IAGTERiST^S 
i' A ) N' G T r : 7 ; 3 air. :.no a c ; as 

(Ci syp^^GD^ss 

CD) TG'POLOGY ijiear 



■hi) HYPQyHEyiCAL. NO 

; iv;.-v\t;sen'^e ng 

:v; FRAGMENT T^; 

■■ v:> g?jg:nae SOLT CE 



SFQG GNG:: DESGR. 



Vai Ser Civ Giv S: 



ai ocr be: .j 



- N -e; 
i ^ 



b; 



- 82 - 
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Ser Giv Ser Thr Asn Tvr A:in Pro Ser Leu Lvs Se: Asu Vai Thr lit 

35 -JO 4 5 

Ser Va. Asp Thr Se- ' vs Asn Gin Phe Se: Leu Lvs Leu Ser Ser Va; 

5C 55 60 

Thr Aia Aia Asp Thr Ala Va] Tyr Tyr Cvs Aia Arg 
65 "0 75 

;:) INFORMATION FOR SE.Q EC NO. 74 

it) SEQLTNCE CHARACTERISTICS. 
i"A"i LENGTH 1 1 " arruno acids 
1 3') TYPE: amino ac:d 
iC; S TRAND E D NT: S S : single 
(Di TOPOLOGY imear 

(n) MOLECULE TYPE: peptide 
(in) HYPOTHETICAL. NO 

( iv) ANTISENSE: N'O 

(v) FRAGMENT TYPE: interna i 
ivij ORIGINAL SOLACE 

; xi; SEQUENCE DESCRIPTION SEQ ID NO 74 

Vai Ser Gly GO Ser Val Ser .Se: G\\ Asp 1 yr Tvt Tit Sct Trr; lie 

; 5 : • :5' 

Arg Gin I rc Pro Giv Ly: Liv Leu Giu Trr lie Giv Pus Leu Tvr Tvr 

2C 25 30 

Ser G!v Asn 7hr Asn Tyr Asr. Pro Scr Leu Lys Ser .Arg Val Thr lie 

35 40 a 5 

Ser Leu Air: 7*hr Se: Lv: Asn Gin Phe Se: Leu Lvs Leu Se: Se: Vai 

50 55 t0 

Thr Aia A, a As;: [hr Aia vai Tvr Tvt Cy5 A^a Arg Asp Phc Leu Thr 
65 "("■ o SO 

i^'V N^*^ ^ A ' * ^ 1 "T^ ! »IV (' I ^ | * n r" I ,t * '■■'"'ll Thr \'' m l\ X 

>5 AO 95 

Ser .Ala Ser Thr Lvs Giv Pro Se- Vai Phe Pro Leu Aia Pro Cvs Ser 



10- i io : < ;:o 



.Arg Ser ' 
1 15 



(2; RTFCFLUATION FOR SEQ ID NO 

:; 5EOL TNCL CHARACTERISTICS 

A) LENGTH N arruno acics 

; 3 ) T YP E . arruno ac : u 

;C : STRANTiEDNTLAS .;inc:e 

■D) T OPOLOG V linear 



MOLEC'IL:: TT rE peptide 
<:uj H:TC Tr-ZTICAl NO 
<:vi AC TTI SENSE NO 
: *■■ ) FRAGMENT" TT~ : 'E interna. 



v: .■ Or J G FN A.L Su 



J : ^ [ - 



\L: SEC L TEN IE DEL TFLCPTLON <L : LD NO 



- S7 . 



WO <\S 24893 



pct rs9" :3im 



«. . » - 1 » tV* * i,' \ . ; V_.-' . * . >.^' ."\ O i..'- ■ . ■> V_. 



1 : ■ SEQUENCE CLLVRACTE RUSTICS 
(A; LENGTH "5 ^L*:n acki: 

iC ■ 5TFLA LODEDNESS :;me:e 
730 TOP'.GOC V linear 

! m i V ■ M "I 1 v " 



(iv; ANT15ENSE NO 
(v) FRAG\ENT TYPE: juerr.al 
i vi) ORIGIN AL SCARCE 

;xPj SEQT T-NCE DESCFGPTaN ?EQ ID N( 



Thr He Thr Cvs Gin Ala Ser Gir. Ajp I!e Ser Azn Tvr Leu Asp, Trp 

1 5 iO 15 

Tyr Gin G;n Ly- Pro Giy L\s Aa Pro L>s Leu Leu lie Tyr Asp Aj a 

2!' 25 30 

Ser Asr. Lju Giu Thr Gly Vai Fro ^er A-g Phe Ser Giv Ser Giv Ser 

35 Mj a< 

Gly Th: Asp Phe Thr Fhe Thr lie Scr Ser Leu Gin Pro Giu Asp He 

50 55 60 

.Ala Thr Tyr Tyr Cys Gun Gin Asp Ajn Leu Fro 
65 "5 



T ; OR3AATION PGR SEO IE' NO 



(0 SEQUENCE CHARACTEFJSTICS 

(A) LENGTH. !04 am.no aciii 

(B) TYPE arrur.o ac:d 

( C ) S T FLA.' 7) E D f 7: 5 S s i n e i e 

(D) TOPOLOGY, linear 

(n) MOLECULE TYPE peptide 
(m) HYPOTHETICAL. NO 

(iv) ANTISENSE. NO 

(v) FRAGMENT TYPE iriema; 
i vi ) ORIGINAL. SOURCE 

(xi) SEQUENCE DESCRIPTION SEQ ID NO " 

Thr He Thr Cy^ Gj: A. a Ser Gin Asp lie \sn Asn Tvr Leu Ain Tro 

15 ]() 15 

Phe GLn G;n Lvs Pro Giv Lyi, Aa p-:> Lvi Vai Leu He His Asp Aa 

Ser Asn Leu Giu Thr G!y Gly Fro Scr Ar: Phe Ser Giv Ser Giv Ser 
35 4Q uf 

Giv Thr A-c Phe Thr Phe Thr He Ser Giv Leu Gin Fro Giu Aso He 



- 84 - 
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50 55 60 

Ala Thr ~vt Tvt Cys G:r. GLn Giu Ser Leu Pro Leu Thr Phe Giv Giv 
65 ' 70 ^5 80 

Giv Thr :.V3 Val Giu Pic Lys Arg Thr Vai Aia Aia Pro Scr VaJ Phe 

35 90 95 

He Phe F'o Pro 5er Asp Giu GLn 

1 ■■.■o 

(2 1 FORMATION PGR SEQ ID NO. 78 

(0 SEOLTZNCE G FLORA C TEFJ S T I C S 
(A; LENGTH 0)4 amino acids 
(B) TYPE: amino acid 
(C, STR/uNDEDNTiSS. single 
(D- TOPOLOGY linear 

(n) MOLECULE TYPE peptide 

,-::.\ ; f'O^tt TTT-" • r . \t ( -\ 
V i ii y i". . / ■_ it J-ii'-.'VL. r^v 

(iv) ANTiSENSE: NO 

(v) FF'AGNGZNT TYPE internal 
fvi) ORIGINAL SOURCE 

(xi) SEQUENCE DESCRFTION SEQ ID NO "8 
Thr lie Thr Cvs Gin Aia . s er GLn A:;p lie Thr lie T\t Leu Asn Trp 

! 5 :■':> !5 

Tyr Gin G-lii L> : ; Pre GL Lys Aia Pro Lys Leu Leu lie Asn Asp Aia 

-3 jU 

Scr Scr Leu Giu Thr Gi\ Val Pro Leu Arg Phe Scr Giv Ser Gly Ser 

35 40 45 

Giv Thr A.id Phe Thr Phe Thr He Ser Ser Leu Gin Pro Giu Asp He 

50 5 5 6 j 

Ala Thr 7m \%t Ovs ■ ;ir. Gin Asp Ms Leu Pro Leu Thr Phe Giv Giy 
65 "0 7 5 80 

Giv Thr O.i '. ; ai Aia lie Lvi, Asq Thr Vai Aia Aia Pro Ser Val Phe 

■^5 C 'C 95 

He Phe Pro P~: Ser A:p Giu Gin 

1 ■>: 

(2) INDORSATION FOR SEQ ID NO:79 

<i) SEQUENCE C F L\RA CTER1STICS 
i A"i LENGTH. I O-i .irnirio ac;as 
(B; TYPE amino aa;d 
(C; STPLANIjEZ'NDSS single 
(D) 1 OLOLOC V hnear 

(' u) MOLECULE TYPE ocpnde 
fin) H YP07HET1C/O.. i K JO 
fiv) ANTISENSE NO 
A-! FRAG;^NT ~YPE :n:ema; 
i vii OFLLINAL SOURCE 

'No) SEOL'ENCE DESCRIPTION SEQ ID NO 



- 5 r - 



WO 1 >S 24S^3 



[m;t 



me iMv kjh 



_:;v . ...vs i^eu ,:c _vs -jt: 

S5 ^0 
'ie Phc rr: Fro Ser Asp Gra Gin 

! CO 



Pre Ser VA: Pne 



: ; FORMATION F 



:■ SEQUENCE CrCAiG-VETErGST 
A, L^Nui;i .0- arraric ac:^s 

C; STR/GOEDNESS single 
GA T C ? 0 L 1 3G V i inear 



MOLEC'JLE TYPE 
• AVPOTrOETIC AL. NO 



4 V * ■ 


::sense. no 








; . : rz interna; 
GENAL SCARCE 






; \: ■; SEC 
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Claims 

What is Claimed is : 

1 A transgenic non-numan mammal having a genome, the genome compnsmc 
5 modifications, the modifications comprising: 

an inactivated endogenous immunoglobulin (Ig) locus, such that the mammal would 
not display normal B-cell development; 

an inserted human heavy chain Ig locus in substantially germiine configuration, the 
human heavy chain Ig locus comprising a human mu constant region and regulatory and 

10 <nyifrh cpnnpnrp<; fhprPt^ 3 nlnrs htv of human I C7f»rtpc a nfnralin; nf fiiiman V) apnpc ^nri 

a plurality of human V H genes, and 

an inserted human kappa light chain Ig locus in substantially germiine configuration, 
the human kappa light chain Ig locus comprising a human kappa constant region, a plurality 
of Jk genes, and a plurality of Vk genes, 
1 5 wherein the number of V H and Vk genes inserted are selected to substantially restore normal 

B-cell development in the mammal 

2. The mammal of Claim 1, wherein the heavy chain Ig locus comprises a second 
constant resion selected from the erouc consisting of human gamma- 1, human earnma-2, human 
gamma-3, human gamma-4, alpha, epstlon, and delta 
20 3 The mammal of Claim 1, wherein the number of V H genes is greater than about 20 

4 The mammal of Claim 1, wherein the number of Vk genes is greater than about 15 
5. The mammai of Claim 1, wherein the number of D H genes is greater than about 25, 
the number of J H genes is greater than about 4. the number of V H genes is greater than about 20, the 
number of Jk genes is greater than aoout 4. and the number of Vk genes is greater than about 15. 
25 6 The mammal of Claim 1, wherein the number of D H genes, the number of J H genes, 

the number of V H genes, the number of Jk genes, and the number of Vk genes are selected such that 
the Ig loci are capable of encoding greater than about ! x 10" different functional antibody sequence 
combinations 

7 The mammai of Claim 1. wherein in a population of mammals B-ceil function is 

- S7 - 



me modifications reruermg me mamma, capable of producing numan immunoglobulin mc;ecu:es but 
substantially incapable of producing functional endogenous antibody mcieemes. :he improvement 

insertion into me genome of the mammal of surncier.t human D„. J H , W, ana Jic 
genes such that the mammal is capable encoding greater than about 1 x 10° different 
funcuonaj human immunoglobulin sequence combinations, without accounting for junctional 
diversity or somatic mutation events 

9 In a transgenic non-human mammal having a genome that comprises modifications, 
the modifications rendering the mammal capable of producing human immunoglobulin molecules but 
substantially incapable of producing functional endogenous antibodv molecules, which modifications, 
with respect to the mammal's incapacity to produce functional endogenous antibody molecules would 
not allow the mammal to display normal R-cei! development, the improvement comnrisinc: 

insertion into the genome of the mammal of sufficient human Y H , D H , J K) Vic. and Jk 
genes such that the mammal is capable of encoding greater than about 1 x 1 0 6 different 
functional human immunogiobuim sequence combinations and sufficient V H and \'k genes to 
substantia::;/ restore normal B-ceii development in the mammal. 

10. In the mammal of Claim 9. wherein in a population of mammals B-ceil function is 
reconstituted on average to greater than about 50% as compared to wild type. 

11. A transgenic non-human mammal having a genome, the genome comprising 
modifications, the modifications comprising. 

an inactivated endogenous heavy chain immunoglobulin fig) locus, 
an inactivated endogenous kappa light chain Ig locus, 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus comprising 

a nucleotide sequence substantially corresponding to the nucleotide sequence of yH2; and 

an msertec human Kappa light chain Ig locus, the human kappa light chain Ig locus 

compnsmg a nucleotide sequence substantially corresponding to the nucleotide sequence of 
vK2. 
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12 A transgenic non-human mammal having a genome, the genome compnsing 
modifications, the modifications compnsing: 

an inactivated endogenous heavy chain immunoglobulin (Igj locus, 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus compnsing 

a nucleotide sequence substantiaiiy corresponding to the nucleotide sequence of yH2, and 
an inserted human kappa light chain Ig locus, the human kappa light chain Ig locus 

compnsins a nucleotide sequence substantially corresponding to the nucleotide sequence of 

yK2. 

13. A transgenic non-human mammal having a genome, the genome compnsing 
modifications, the modifications compnsing' 

an inactivated endogenous heavy chain immunoglobulin (Ig) locus, 
an inactivated endogenous kappa iight chain Ig locus, 

an inserted human heavy chain Ie locus, the human heaw chain Is locus compnsine 
a nucleotide seauence substantially corresponding to the nucleotide sequence of vH2 without 
the presence of a human gamma-2 constant region; and 

an inserted human kappa light chain Ig locus, the human kappa light chain Ig locus 
comonsuia a nucleotide sequence substantially corresDondine to the nucleotide sequence of 
vK2. 

14 A transgenic non-human mammal having a genome, the genome compnsing 
modifications, the modifications comprising: 

an inactivated endogenous heavy chain immunoglobulin (Ig) locus, 
an inactivated endogenous kaDDa light chain Ie locus; 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus compnsing 
a nucleotide sequence substantially corresponding to the nucleotide sequence of yH2 without 
the presence of a human gamma-2 constant region, and 

an inserted human kappa light chain Ig iocus, the human kappa light chain Ig locus 
compnsing a nucleotide sequence substantially corresponding to the nucleotide sequence ot 
yK2. 

15 A transgenic non-human mammal having a genome, the genome compnsing 
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a nucleotide sequer.ee substantially corresponding to the nucleotide seauence of vH2 without 
the presence or" a human gamma-2 constant region, and 

an inserted human kappa hght chain Ig locus, the human kappa h eh: chain Ig locus 
comprising a nucleor.de sequence substantially corresponding to the nucleotide sequence of 

16 A method for the production of human antibodies, comprising: 

inoculating a mammal of any one of Claims 1-10 with an antigen, 

collecting and immortalizing lymphocytic ceils to obtain immortal cei! lines secreting 

human antibodies that specifically bind to the antigen with an affinity of greater than IG 9 M' 1 ; 

and 

isolating the antibodies from the immortal cell lines 
P The method of Claim 1 1, wherein the antigen is EL-S 
IS The method of Claim 1 1, wherein the antigen is EGFR 

19 The method of Claim 1 1. wherein the antigen is TNT -a 

20 An antibody produced by the method of Claim 1 1 

21 An anti-EL-S antibody produced by the method of Claim 12 

22 .Ah anti-EGFR antibody produced by the method of Claim 13 

23 An anti-TNT-a antibody produced rv the metnod of Claim M 

24 In a method for the production of transgenic mice, the transgenic mice having a 
genome, the genome comprising modifications, the modifications comprising insertion of a plurality 
of human variable regions, the improvement comprising 

insertion of the human variable regims from a veast artificial chromosome 
Transgenic mice and transgenic offspring therefrom produced through use of the 
improvement of Claim 19 

26 In a transgenic mammal, the transgenic mammal comprising a genome, the genome 
comprising modifications, the modifications comrnsme an inserted human heaw chain 
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immunoglobulin transgene. the improvement comprising 

the tran? a ene compnsmg selected sets of human vanabie region eenes that enable 
human-like junctional diversity and human-like compiementanty determining region 3 (CDR3) 
lengths 

27. In the improvement of Claim 26, wherein the human-like junctional diversity comprises 
average N-addinon lengths of 7 7 bases. 

28. In the improvement of Claim 26, wherein the human-like CDRJ lengths comprise 
between about 2 through about 25 residues with an average of about 14 
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